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Opioid diarylmethylpiperazines 
and piperidines 



DESCRIPTION 

Technical Fieifl 

This invention relates generally to diarylmethyl piperazine and diarylmethyl 
piperidine compounds having utility as receptor-binding species, e.g., as 
conjugates in agonist/antagonist pairs for verifying/assaying receptor and 
neurotransmitter function. The compounds of the invention include benzhydryl 
piperazine compounds useful as mu and/or delta receptor opioid compounds 
mediating analgesia, as well as compounds having utility in combatting drug 
addiction, alcohol addiction, drug overdose, mental illness, urinary incontinence, 
cough, lung edema, diarrhea, depression, and cognitive, respiratory, and gastro- 
intestinal disorders. 

Background ^ 

In the study of opioid biochemistry, a variety of endogenous opioid 
compounds and non-endogenous opioid compounds has been identified. In this 
effort, significant research has been focused on understanding the mechanism of 
opioid drug action, particularly as it relates to cellular and differentiated tissue 
opiate receptors. 

Opioid drugs typically are classified by their binding selectivity in respect of 
the cellular and differentiated tissue receptors to which a specific drug species 
binds as a ligand. These receptors include mu (u), delta (8), sigma (o) and kappa 
(k) receptors. 

The well-known narcotic opiates, such as morphine and its analogs, are 
selective for the opiate mu receptor. Mu receptors mediate analgesia, respiratory 
depression, and inhibition of gastrointestinal transit. Kappa receptors mediate 
analgesia and sedation. Sigma receptors mediate various biological activities. 
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The existence of the opioid delta receptor is a relativ ly recent discovery 
wh.ch followed the isolation and characterization of endogenous enkephalin 
peptides which are ligands for the delta receptor. Research in the past decade has 
produced significant information about the delta receptor, but a clear picture of its 
function has not yet emerged. Delta receptors mediate analgesia, but do not 
appear to inhibit intestinal transit in the manner characteristic of mu receptors. 

Opioid agents frequently are characterized as either agonists or antagonists. 
Agonists and antagonists are agents which recognize and bind to receptors, 
affecting (either initiating or blocking) biochemical/physiological sequences, a 
process known as transduction. Agonists inhibit or suppress neurotransmitter 
outputs in tissues containing receptors, e.g.. inhibiting pain responses, or affecting 
other output-related phenomena. Antagonists also bind to receptors, but do not 
inhibit neurotransmitter outputs. Thus, antagonists bind to the receptor sites and 
block the binding of agonist species which are selective for the same receptor. 

Concerning specific receptor ligands, the distinction between delta receptor 
agonists and antagonists heretofore has been made by their activity in the 
electrically stimulated mouse vas deferens assay, which typically has been 
considered the appropriate diagnostic tissue for the delta receptor. By contrast, mu 
receptor agonists are generally characterized by their activity in the electrically 
stimulated guinea pig ileum assay. 

Only a relatively small number of essentially pure delta receptor-selective 
agents is known, and with the exception of the delta opioid receptor antagonists 
disclosed in Portoghese U.S. Patent 4.816.586, all known delta receptor-selective 
op.o.d compounds are peptides, including endogenous enkephalins and other 
endorphins, as well as exogenous peptide analogs. The previously synthesized 
exogenous peptide analogs have various associated disadvantages in terms of 
their stability, their potentially suitable delivery routes as administered drug agents, 
and their in vivo tissue distribution. 

Various physiological effects of the known peptide-based opioid ligands 
have been studied, including: analgesia; respiratory depression: gastrointestinal 
effects; mental, emotional, and cognitive process function; and 
mediation/modulation of other physiological processes. 
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The aforementioned U.S. Patent 4,816,586. issued March 28, 1989 to P. S. 
Portoghese, discloses various delta-opioid receptor antagonists of specified 
formula. The disclosed antagonist compounds are formed by fusion of an indole, 
benzofuran, benzopyrazine, or quinoline ring system, to the C-ring of naltrexone. 
These compounds are described as possessing a unique opioid receptor 
antagonist profile, including compounds which are highly selective for the delta 
opioid receptor. 

U.S. Patent 4,518,711 issued May 21, 1985 to V. J. Hruby et al describes 
cyclic, conformational^ constrained analogs of enkephalins. These compounds 
include both agonists and antagonists for the delta receptor, and are said to induce 
pharmacological and therapeutic effects, such as analgesia in the case of agonist 
species of such compounds. The antagonist species of the disclosed compounds 
are speculated to be useful in the treatment of schizophrenia, Alzheimer's disease, 
and respiratory and cardiovascular functions. 

In addition to the above-described references relating to opioid compounds, 
the art relevant to the compounds of the present invention includes the polyaryi 
piperazine compounds described in the various references identified below. 

S. Goenechea, etal, in "Investigation of the Biotransformation of Meclozine in 
the Human Body," J. Clin. Chem. Clin. Biochem., 1988, 26(2), 105-15, describe the 
oral administration of a polyaryi piperazine compound in a study of meclozine 
metabolization in human subjects. 

In "Plasma Levels, Biotransformation and Excretion of Oxatomide in Rats, 
Dogs, and Man," Meuldermans. W., etal, Xenobiotica, 1984, 15(6), 445-62, there is 
disclosed a metabolic study of plasma levels, biotransformation, and excretion of 
oxatomide. 

T. Iwamoto, etal, in "Effects of KB-2796, A New Calcium Antagonist, and 
Other Diphenylpiperazines on [ 3 H]nitrendipine Binding," Jpn. J. Pharmacol., 1988. 
48(2). 241-7, describes the effect of a polyaryi piperazine of specified formula, as a 
calcium antagonist. 
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K. Natsuka, etal, in "Synthesis and Structure-Activity Relationships of 1- 
Substituted 4-(l.2-Diphenylethyl)piperazine Derivatives Having Narcotic Agonist 
and Antagonist Activity," J. Med. Chem., 1987, 30 (10). 1779-1787. disclose 
racemates and enantiomers of 1 -substituted 4-[2-(3-hydroxyphenyl)-i- 
phenylethyljpiperazine derivatives. 

European Patent Application No. 458,160 published 27 November 1991 
descnbes substituted diphenylmethane derivatives which are said to be useful as 
analgesic and antiinflammatory agents, including compounds wherein the 
methylene bridging group (linking the two phenyl moieties) may have as a 
substituent on the methylene carbon a piperidinyl or piperazinyl group. 

South African Patent Application No. 8604522 published 12 December 1986 
encloses N-substituted arylalkyl and aryl-alkylene substituted amino-heterocyclic 
compounds, including piperidine derivatives, which are described as useful 
cardiovascular, antihistamine, and anti-secretory agents. 

European Patent Application No. 133,323 published 20 February 1985 
d.scloses certain diphenylmethyl piperazine compounds useful as non-sedative 
antihistamines. 

There is a continuing need in the art for improved opioid compounds 
parftcularly compounds which are free of addictive character and other adverse 
side effects of conventional opiates such as morphine and pethidine. 

Disclosure of InvqptfPH 

The present invention relates to compounds of the formula: 
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R 7 




R 6 (0 



in which Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having on 
a first nng carbon atom thereof a substituent Y and on a second ring carbon atom 
thereof a substituent R 1 , 



wherein: 



Y is selected from the group consisting of: 
hydrogen; 

halogen; 
C r C 6 alkyl; 

C r C 6 haloalkyl; 
c 3" c 6 cycloalkyl; 
C-j-Cgalkoxy; 
c 3 _c 6 cycloalkoxy; 

sulfides of the formula SR 8 where R 8 is C^-C 6 alkyl, C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 aryl moiety and an C r C 6 alkyl 
moiety, or Cs-Cioaryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 
above; 

sulfones of the formula S0 2 R 8 where R 8 is the same as 
above; 

nitrile; 
C r C 6 acyl; 
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alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 r8 where R* 
is the same as above; 

carboxyllc acid, and esters, amides, and salts thereof 
ammomethyl of the formula CH 2 Nr9r1 0 where r9 and R 1 0 may be 
the same or different, and may be hydrogen, C 1 -C 6 alkyl C 2 - 
C 6 hydroxyalkyl, C 2 -C 6 methoxyalkyl. C 3 -C 6 cycloalkyl, or C 5 - 
Ci 0 aryl, or r9 and R^ 0 together may form a ring of 5 or 6 
atoms; 

carboxamides of the formula CONr9r10 wnere R 9 ^ R 10 are tne 

same as above, or peptide conjugates thereof 
sulfonamides of the formula SO 2 Nr9r10 wnere R 9 and R 1 0 are the 

same as above; and 
-CONR9AB, where: 

R 9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether moiety of 
6-12 atoms, e.g., a straight chain or, branched alkylene group 
containing 2 to 8 carbon atoms and optionally 1 or 2 divalent 
atoms which are each an oxygen or sulfur atom, with the 
prov.so that there are at least 2 carbon atoms between a 
d.valent atom and the N R 9 gr0U p and at least 2 carbon ^ 
between two divalent atoms when present; and 
B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A. and which is symmetric about the 
d.valent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 

Z is selected from the group consisting of : 

hydroxyl, and esters thereof; 

hydroxymethyl, and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 

between G^ZZ ^T ^ G * CH or N when «. bond 

sZrJnrJTr ^ terDCydiC ^ fl " b0B ^ the R3 subst ^ is a 
tl! d ' d G ' S ° Perse when the b0 "d between G and the adjacent 
heterocychc nng carbon bearing the R3 substituent is a double bond)- 
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R 1 is hydrogen, halogen. orC r C 4 alkyl;' 
R 2 is hydrogen, halogen, or C r C 4 alkyl; 

R 3 . R 4 , and R5 m ay be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R3 r4 and R 5 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of: 
hydrogen; 
CrC 6 alkyl; 

c 3' c 6 cycloalkyl; 

aralkyl, wherein the alkyl moiety contains from one to six carbon 

atoms; 

alkoxyalkyl containing C, -C 4 alkoxy and C, -C 4 alkyl moieties- 
C r C 4 cyanoalkyl; 
CvC 4 hydroxyalkyl; 

ammocarbonylalkyl containing a C r C 4 alkyl moiety; and 
R COR13, wh e r e R 12 is ^ a|ky|ene> gnd r13 . $ 

C r C 4 alkoxy; and 
R 7 is hydrogen or fluorine, 

subject to the proviso that R 1 , R 2 and R? may be fluorine only, when Z is -OH; 

d^~r aCC6Ptab,e 6SterSl "* ^ ° th6r <~ 

As used herein, in reference to the present invention, the term "alkyl" is 
ntended to be broadly construed as encompassing: (i) alky. groups of ~ 

2 n a i bran T ch * n character: (H) ~ - - «si 

alM g oups, where.n the substituents of substituted alky, groups may include any 
stencany acceptable substituents which are compatib.e with such a.k y , groups and 
wh,ch do not preclude the efficacy of the diarylmethyl pipeline or diarylmethyl 
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piperidine compound for its intended utility (examples of substituents for substituted 
alkyl groups include halo, amino, amido, C1-C4 alkyl. C1-C4 alkoxy, nitro, hydroxy 
etc.); (..i) saturated alkyl groups as well as unsaturated alkyl groups, the latter 
including groups such as alkenyLsubstituted alkyl groups (e.g., allyf, methallyl, 
propallyl. butenylmethyl, etc.), alkynyl-substituted alkyl groups, and any other alkyl 
groups containing sterically acceptable unsaturation which is compatible with such 
alkyl groups and which does not preclude the efficacy of the diarylmethyl piperazine 
or diarylmethyl piperidine compound for its intended utility; and (iv) alkyl groups 
including linking or bridge moieties, e.g., heteroatoms such as nitrogen, oxygen 
sulfur, etc. ' 

As used herein, in reference to the present invention, the term "aryl" also is 
.mended to be broadly construed as referring to carbocyclic as well as heterocyclic 
aromatic groups and encompassing unsubstituted as well as substituted aryl 
groups wherein the substituents of substituted aryl groups may include any 
stencally acceptable substituents which are compatible with such aryf groups and 
which do not preclude the efficacy of the diarylmethyl piperazine or diarylmethyl 
pipend.ne compound for its intended utility (examples of substituents for substituted 
aryl groups include halo, amino, amido, C1-C4 alkyl, C1-C4 alkoxy. nitro. hydroxy, 
hydroxyalkyl containing a C1-C4 alkyl moiety, etc.). 

The term -peptide conjugates" as used herein in reference to the present 
mvention is intended to be broadly construed to include all suitable peptide 
conjugate species; preferably, such conjugates are C2-C30 peptide conjugates. 

By "physiologically functional derivative" is meant a pharmaceutical^ 
accepable salt, amide, ester or salt of an ester or amide of the compound of formula 
0r any other com PO"nd which, upon administration to the recipient, is capable of 
providing (directly or indirectly) the said compound of formula (I) or an active 
metabolite or residue thereof. 

In a preferred aspect of the invention, novel compounds of the above- 
descnbed formula (I) are subject to further provisos that at least one of R3 r4 and 
R» .s methyl, and that when G is carbon (C or CH), R6 fe not aralkyl. Compounds of 
formula (I) subject to such provisos form a preferred subclass of novel compounds 
of the invention, and reference hereinafter to compounds of the invention will be 
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understood to include such subclass as a preferred selection group from among 
compounds of the above formula (I). 

In another preferred aspect of the invention, with reference to formula (I) 
when R6 is hydroxyalkyl, the alkyl moiety preferably contains from 2 to 4 carbon 
atoms. 



In enantiomeric forms, compounds of the invention include individual 
enantiomers of the compounds of formula (I) in single species form substantially 
free of the corresponding enantiomer, as well as in admixture (in mixtures of 
enanhomeric pairs and/or in mixtures of multiple enantiomer species). 

In formula (I) as described above, Ar is a 5- or 6-member carbocyclic or 
heterocyclic aromatic ring having on a first ring carbon atom thereof a substituent Y 
and on a second ring carbon atom thereof a substituent r1. Ar may also comprise a 
carbocycl.c or heterocyclic aromatic ring of such type which is further substituted 

Tn 1 1 « St t C f ' y SUitab ' e n ' n9 substitutent Y1 ^ch as an organo substituent, 
e.g. a hydrocarbyl group such as Ci-C 8 alkyl. The aromatic ring of Ar may be any 
surtable 5- or 6- member aromatic ring, including for example 5-member rings such 
as thiophene rings, imidazde rings, thiazole rings, furan rings, and pyrrole rings, 
and 6-member nngs of the formula: 




wherein: 

X1 and x2 may be carbon or nitrogen, except that both may not 
simultaneously be nitrogen; and 

R 1 and Y are the same as described above. 

Preferred 5-member ring species of formula (I) include thiazole ring species 
m which the thiazole ring is unsubstituted. and thiophene ring species in which the 
heterocycl.c ring is either unsubstituted, monosubstituted (e.g., with a halo 
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substituent or an aminocarbonyl substituent), or disubstituted (e.g., with both of the 
aforementioned mono-substituents). 

A preferred class of compounds of the invention comprises diarylmethyl 
piperazine species thereof. y 

A preferred subclass of compounds of the present invention, wherein Ar is a 
substituted phenyl ring, which exhibits delta-opioid and/or mu-opioid agonist 
activity, includes compounds of the formula: 




wherein: 



Z = OH (including esteTs thereof); 

NH 2 (including carboxamides and sulfonamides thereof); or 
CH 2 OH (including esters thereof); 

Y = sulfoxides (SORT) where W is C r C 6 alkyi or C 3 -C 6 cycloalkyl; 

carboxamides (CONR8R9) wner e R e and R9 may be the same Qr djfferent and 
may be hydrogen, C r C 6 alkyl, C 2 -C 6 hydroxyalkyl, C 2 -C 6 methoxyalkyl, C 3 -C 6 
cycloalkyl, C 5 -C 10 aryl, or C 2 -C3o peptide conjugates, or R* and R* together may 
form a ring of 5 or 6 atoms; or 

sulfonamides (S0 2 NR8R9> where R a ^ R9 are tne ^ ^ 
R 1 , R2 - hydrogen or fluorine; 

R3 R4 R5 = hydrogen or metny|i whQre thQ totaJ number Qf methyj g . s o ^ ^ ^ 
and ' 
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R6 = hydrogen, C r C 6 alkyl. C 2 -C 6 methoxyalkyl, C 3 -C 6 cycloalkyl, or C 5 -Ci 0 aryl Ci-Ca 
alkyl, * 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional derivative 
thereof. 

Under the sub-class of compounds of formula (II) set out above, especially preferred 
compounds, with respect to the various substituent groups, include compounds wherein: 

2= OH; 

Y = carboxamides (CONR8R*) where R* and R* may be the same or different and 
may be hydrogen, C r C 6 alkyl, C 3 -C 6 cycloalkyl, or aryl, or R8 and R*> together 
may form a ring of 5 or 6 atoms, e.g., wherein: 

,Ph pr b± ^ 

<Me <T O 

i 

R 1 , R 2 = hydrogen; 

R3 R«. R5 = hydrogen or methyl, where the total number of methyl groups is one or two- 

and ' 

R« = hydrogen, C r C 6 alkyl, Ca-Ce methoxyalkyl, C 3 -C 6 cycloalkyl, or 
C5-C10 aryl C1-C4 alkyl. 

Compounds of the above general formula (I) exhibit binding selectivity for 
receptor(s). Depending on the structure and stereospecificity of the particular 
formula (I) compounds, such compounds may exhibit binding ability to receptees) 
selected from the group consisting of delta receptors, mu receptors, kappa 
receptors, sigma receptors, and combinations of such receptors. 
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■» ° 0mpounds within 9 eneral for ™'a (0 exhibit delta receptor agonist 

exhibit delta receptor antagonist activity, as hereinafter more fully described Still 
other compounds within the general formula exhibit mu receptor activity, and more 
particularly, m some instances, mixed mu receptor/delta receptor activity For 
example compounds of the preferred subclass of formula (II) within the broad 
scope o the general formula (I) have variously been found to exhibit mixed mu 
receptor/delta receptor activity. 

Illustrative of compounds of the invention are the following compounds which 
have been synthesized and are identified below, by chemical name after an 
appeitarmng reference number, for ease of subsequent description 



(±)-3-((aR-)-a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-4- 
chlorobenzyl)phenol 



2. 

3. 
4. 
5. 
6. 
7. 

8. 

9. 

10. 



3- (a-(4-Allyl-i-pipera 2 inyl)-4-propoxyben2yl)phenol 

4- (a-(4-Allyl-l-piperazinyl)-3-hydroxyben2yl)acetophenone 

//ans-3.(a.(4-Ally|. 2 ,3^imethyl-l-pipera2inylH-chlorobenzyl)phenol 
c/s-3-(a-(4-Allyl-2,3-dimethyl-1 -piperazinyl)-4-chlorobenzyl)phenol 

(methylsulfonyl)benzyl)phenol y ' 

XoV a " (4 ' A "^ 

-3-hydroxybenzyl)benzoyl)-L-phenylalanyl-L-leucine 

C±H-((aR-)-a-((2R\5S*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-dimethylbenzenesulfonamide ' 
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piperazinyl)benzyl)phenol 

(±)-/rans-3-(4.(Methylsulfonyl).a-(3.4,5.trimethyl-1-pipera 2 inyl)benzyl)phenol 

(±)-^3-(4-((Diethylamino)sulfonyl)-a-(2,4 ( 5-trimethyl-1- 
piperazmyl)benzyl)phenol y 

((dimethylamino)sulfonyl)benzyl)phenol 

(±)-4-((aR*)-a : ((2R^5S•)-4-Allyl-2,5-dimethyl-1-piperazinyl).3- 
hydroxybenzyO-N.N-diethylbenzenesulfonamide 

(±)-N-(4-((aR*).a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1. 
piperazinyl)-3-hydroxybenzyl)benzoyl)glycy|g|ycine 

(±)-4-((aR-)-a : ((2S%5R»).4-Ally|.23-dimethyl-1-piperazinyl)^ 
hydroxybenzyl)-N,N-dimethylbenzenesulfonamide 

/^s-3-(a-(4-Allyl-2,5-dimethyM.piperazinyl)-2-methylbenzyl)phenol 

(±)-Methyl 4-(a-(/rans-4-allyl-2,5-dimethyl-i -piperazinyl)-3- 
hydroxylbenzyl)benzoate H"'«inyi; o 

(±)-4-((aR*)-o-((2R* I 5S*)-4-Allyl-2,5-dimethyl-1-pi P erazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide y ' d 

(±H-((aR>a-((2S*.5R-)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide P er a™y'> 

istp'otKa^ 

(±)-3-(a-(f ra /7s-4-Ally|.2,5-dimethyl-1-piperazinyl)-4-methylbenzyl)phenol 

25. 3-(a-(4-Allyl-3-methyl-1-piperazinyl)-4-methylbenzyl)phenol 

26. (±H-((aR-).a-((2S*,5R*).2,5-Dimethy|.4-propyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzenesulfonamide 



12 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
20. 

21. 

22. 

23. 

24. 
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27 
28. 

29. 

30. 

31. 



• 32. 
33. 

34. 

35. 

36. 

37. 
38. 
39. 
40. 
41. 
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Mroxybenzyl)- Nl N-diisop^ 
3-(a-(4-All y |.2-methy|.l.piper a2 inyl)-4-methylbGn2yl)phenol 

pyridyt^ 
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42. 

43. 
44. 
45. 
46. 



47 
48. 

49. 



4-((aS)-a-((2S,5S)-4-Allyl-2,5-dimethyl-1-pipera2inyl)-3- 
hydroxybenzyl)-N-ethyl-N-methylbenzamide 

(±)-4-(a-(//ans-4-(2-Chloroallyl)-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzenesulfonamide 

hydroxybenzyl)-N,N-diethylbenzenesulfonamide Mperaziny.;^ 
piperazinyl)benzyl)benzamide 

(±)-3-((<xR*)-a^ 

pyrrolidinyl)sulfonyl)benzyl)phenol KP«««my. MU i 
(±)-3-((aR*)-a-((2S- I 5R-)-4-Allyl-2,5-dimethyl-1-piperazinyl)benzyl)phenol 

50. N.N-Diethyl-4-(3-hydroxy-a-(cis.3,4.5-trimethyl-1 - 
piperazinyl)benzyl)benzamide 

(±)-4-((aR*)-a.((2S* I 5R*)-4.Allyl-2,5-dimethyl-1.piperazinyl).3- 
hydroxybenzyl)benzoic acid n»«"«Minyija 

NN'.Hexamethylenebis(4.((R*).a-((2R',5S*)-4-allyl-2,5-dimethvl-l- 
piperaz.nyl)-3-hydroxybenzyl)benzdmide) y^«meinyn 

N,N'-Octamethylenebis(4-((R>o-((2R*,5S*)-4-ally|.2,5-dimethyl-1- 
piperazinyl).3-hydroxybenzyl)benzamide) 

N,N^Hexamethylenebi^^ 
piperaz.nyl)-3-hydroxybenzyl)benzamide) 



51. 

52. 
53. 
54. 
55. 
56. 
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hydroxybenzyl)-N,N-diethylb 9 n2aral(te P'P«razinyl)-3- 
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?2 ' htH?; ((a K R * ) " a ; ((2S *' 5R * ) ' 4 - AI, y'- 2 - 5 - dimeth y'-1-Piperaz 
hydroxyben Z yl).N-(2-hydroxyGthyl)-N-methylbenzamide 

?3 ' a^y^ 

77. (±)-4-(a-(trans-2,5-Dimethyl-4-(2-methylallyl).1.pipera2inyl)-3- 
hydroxybenzyO-N.N-diethylbenzamide 

hydroxybenzyl)ben 2 oyl)pyrrolidine HH««myi M 

79. (±)-i -(4-((aR*)-a.((2R%5S*)-4-Ally|.2,5^imethyl-1 -piperazinyn-3- 
hydroxybenzyl)benzoyl)-4-methylpi P erazine p,peraz,n M * 

81. (±)-4-((aR>a-((2R%5S*)-4-Ally|.2,5-dimethyl-1.piperazinvl)-3- 
hydroxybenzyl)-N-ethyl-N-methylbenzamide p,perazmyl) 3 

82. (±M-((aR # )-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1-pi P erazinvn-3- 
hydroxybenzyl)-N-methyl-N-phenylbenzamide P ' P8ra2lny,) 3 

hydroxybenzyl)-N-Gthylbenzamide *«nyij a 

84. (±)-4-((aR*)-a-((2S\5R-)-4.Allyl-2 f 5-dimethyl-1.pi P erazinyl)^^ 
hydroxybenzyl)-N-ethylbenzamide H pwazmyij j 

hydroxybenzyl)-N.ethyl-N-methylbenzamide 

86. (±H-((aR>a : ((2S^5R*)-4-Allyl-2,5^imethyl-^pi P erazinyl).3. 
hydroxybenzyO-N-methyl-N-phenylbenzamide 
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87. 



hydroxybenzyl)b nzoyl)-4- me thylpiperazin 
W-M^aR^-f^SR^-AI^ 

hydroxybenzyl)ben 2 oyl)pyrrolidine H nerazmyy j 

(±)-4-((aR*)-a-((2S*,5R*)-4-Allyl-2,5-diniethyl-l.prpera2inyl)-3. 
(hydroxymethyObenzyO-N.N-diethylbenzamide Pperazmy '' 3 

«yi^ 

hydroxybenzyObenzoyO-L-phenylalanyl-L-lLcine 

(±)-4-((aR-)-a-((2S*,5R-)-4-Allyl-2,5-dimethyl-l.pip e razinyl)-3- 
hydroxybenzyD-N-cyclopropyl-N-methylbenzamicle 

(±)^{(aR-)-a((2S-,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyD-N-methyl-N-propylbenzamide 

hydroxybenzyl)-N-butyl-N-methylbenzamide 

(±)-4-((aR^)-a-((2S*,5R*).4-Ally|.2,5-dimethy|.1.piperazinyl)-3. 
hydroxybenzyl)-N,N-dimethylbenzamide P'P eraz ' n y'> 3 

(((benzyloxy)carbonyl)amino)benzyl)phenol 

(±)-4-((aR*).3-Acetoxy-a-((2S*,5R*)-4-allyl-2,5-dimethy|.1- 
p.peraz.nyl)benzyl)-N,N-diethylbenzamide 

(diethylcarbamoyl)benzyl)phenyl benzoate 



88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
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102 ' 

103. (±M-((aR>a-(^5R*)^^ 
hydroxybenzyO-N.N-diethylbenzamide . 

1 04. N.N , -Octamethylenebis(4-((R*)-a-((2S^5R>4-aliyl-2,5-dimethyl-1 - 
piperazinyl)-3-hydroxybenzyl)benzamide) 

1 05. (±)-fra/7s-3-(a-(4-Allyl-2,5-dimethy|.1 -piperazinyl)-4-chloro-2- 
methylbenzyl)phenol 

106. ^s-3.(a-(4-Allyl-2.5-dimethyl-1-pip era2 .nyl)-3-methylbenzyl)phenol 

107 - ffiShT^ 

1 08. (±)-3-((aR*)-a-((2S* > 5R*).4-Ally|-2,5-dimethyM -piperazinylM- 
(diethylcarbamoyl)benzyl)phenyl dimethylcarbamate 

109. (±)-4-((aR-).a-((2R*,5S*)4-Allyl-2.5-dimethy!-1-piperazinyl)-2 4-difluoro-3- 
hydroxybenzyl)-N,N-diethylbenzamide 

110 ' !S; 4 ;i^ R V r aS l ) -? t -^ 2R *' 5S *)- 4 - AI| y'-2.5-dimethyl-1- P i P erazinyl)-3. 
(benzenesulfonam.do)benzyl)-N,N-diethylbenzamide M«"™yi, j 

112. (±)-3-((aR*)-a-((2R* I 5S*)-4-Ally|.2,5-dimethyl-1-pi P erazinyl)benzyl)phenol 

113. (±H-((aR>a-((2S*,5R*).4.Allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)benzonitrile HH«»«inyi;a 

114. (±M-((aR>a-((2R\5S>4-Allyl^^^ 
hydroxybenzyl)benzoic add HH««««iiyi;o 

115. (±)-4-((aR*).a-((2S\5R*)-4-Allyl-2,5^imethyl-1- P j P erazinyl)-3- 
hydroxbenzyl)benzamide H^«^iny.;o 

116 ' S^ (( , aR ^" a " ((2 .?*' 5S * ) - 4 - A,ly, - 2 ' 5 - dimeth y | - 1 -piperazinyl)-4- 
(diethylcarbamoyl)benzyl) P henyl P ivalate 
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117 ' SSSSST^ 

ethyl-N-methylbenzamide, and (aS, 2R* SFTM-fa-M-AiM 9 «; Himl/h„i -. 
P'Perazinyl)-3-hyd^^ 

119 ' dtl^enT^ 

12 °- 

,21 - pIS^ 

hydroxyben2yl)-N-ethyl-N-(2-hydroxyethyl)benzamide 

123 ' £i£ ((< ?^ 

hydroxybenzyl)-N-(5-hydroxypentyl)benzam.de 

128. 3-««R>«-«2^5S>2,5-Dime%^^^^^ 

129. <±)-3-«aR>a.((2^5S>2*Di m ^^ 

130. W-N.N-Kethyl^((aR>3^^ 
dimethyM-piperazlnyObenzyllbeianiide ™thoxyethyl)-2,5- 

,M - ^^^^^^^ 
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135. (±)-3-((oR-)-o-((2R',5S-)-2,5-DinelhyM-pheneth¥H- 
piperazinyl)benzyl)phanol 

136. (±H-((aR>o-((2R-,5S-)-2,4,5-Trtmelhy|.1-pipera Z inyl)ben2yl)p| l enol 

137 - .'iffiffl^ 

13e - Lt 3 ®;!^ 

142. (*)-3-((^-«2S,5R)-4-Allyl-2,Wi ra ethyl-1-plpe ra anyl)ben Z yl) p henol 

145 ' S^SSr '■ 5S > 4 - A,l >"- 2 ' 5 -« ii ^-1-PiPe«z i nyl)-3.pyrtdyh 

147. (*)-5-((oR•)^.((2R^5S•)w^Allyl-2,5^1im9thyl-^pipera2inyl)-3. 
hydroxyben2yl)-3-bromo-N,NMjiethyh2-thiophene«tboxaniide 
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148. (±)-3-((aR>a-(^5R>^^ 
hydroxyben Z yl)-N.N-diethylbenzamide P'Perazinyi, 3 

149. (±)-3-((aR>a-((2^5S*M^^^^ 
hydrox y benzyi).N,N-dieth y iben 2 amide P erazin W 

157. <±>-|K(aFnKi-(^5R>4^^ 

^■o«yben2yl).N,N^le%l-3-pyrtcfl n ecarboitaml* ?* W) 

hWrox y beti2yl).N,N-diethyl-3-pyrtdineca*oxam£9 

,61 - SE!SEK&22^^ 
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1 63. (±)-5-((aR*)-a-((2R* f 5S*)-4-Allyl-2,5-dimethy!-1 -pipera2inyl)-3- 
hydroxybenzyl)-N,N-diethyl-3-thiophenecarboxamide 

1 64. (±)-4-((aR*)-a-((2S*,5R*)-4.Allyl-2,5-dimethyl-1 -piperazinyO-3- 
hydroxybenzyl)-N,N-diethylbenzenesulfonamide 

1 65. (±)-4-((aR*)-a-((2R*,5S*)-2 I 5-Dimethyl-4-propyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzenesulfonamide 

1 66. (±)-4-((aR*)-a-((2R*,5S*)-2,5-Dimethyl-1 -piperazinyl)-3-hydroxybenzyl)-N N- 
diethylbenzenesulfonamide 

1 67. (±)-4-((aR*)-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N,N-dipropylbenzenesulfonamide 

1 68. (±)-4-((aR*)-a-((2R*,5S*)-4-Butyl-2,5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzenesulfonamide 

1 69. (±)-3-((aR>a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1 -piperazinyl)(5-methyl-2- 
pyndyl)methyl)phenol n ' 

170 ' £!£ ((a K R> ^ . 

hydroxybenzyl)-N,N-diethylbenzenesulfonamide ' 

1 71 . (±)-4-((aR*)-a-((2R* f 5S*)-4-Allyl-2 I 5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N-methylbenzenesulfonanilide 

1 72. (±)-3-((aR*)-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1 -piperazinyl)(6-methyl-3- 
pyndyl)methyl)phenol ,n y 

1 73. (±)-4-((aR*)-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1 -piperazinyl)-3- 
(hydroxymethyl)benzyl)-N,N-diethylbenzamide 

1?4 " !^ d ^ 

1 75. (±)-3-((R*)-((2R*,5S*)-4-Allyl-2,5-di-nethyl-1 -piperazinyl)(2- 
thiazolyl)methyl)phenol 

1 76. (±)-3-((aR*)-a-((2S # ,5R*)-4-Allyl-2.5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N-methyl-N-propylbenzamide 

1 77. (±)-3-((aR*)-a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N-ethyl-N-methylbenzamide 
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178. (±)-3-((aR*)-a-((2S*,5R*)-4-Allyl-2.5-dimethy|.1.pipera2inyl).3. 
hydroxybenzyl)-N,N-dimethylbenzamide 

(±)-3.((aR>a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-pipera2inyl).3- 
hydroxybenzyl)-N-ethylbenzamide FPerazmyiM 

180. (±)-3-((aR*)-a.((2S*,5R*).4-Ally|.2 I 5-dimethy|.1- P ipera2inyl)-3. 
hydroxybenzylJ-N-cyclopropyl-N-methylbenzamide 



179. 



181. (±)-3-((aR*)-4-(1-Pyn-olidinylcarbon^ 

piperazmyl)ben2yl)phenol .--umiwnyi i 

Compounds of the above general formula (I) and the illustrative compounds 
(1-181) iwtod thereunder have utility as exogenous receptor combinant 
compounds, i.e., compounds useful for binding with a receptor, such as delta 
receptor, mu receptor, sigma receptor, kappa receptor, or two or more of such 
receptors. The combinant compound may be a conjugate in an agonist/antagonist 
pa.rwh.ch may be employed for transductional assay of neurotransmitter function in 
appertaining cellular or differentiated tissue systems, in addition to receptor assay 
drfferential binding, and specificity applications for cellular, histological, and 
corporeal monitoring and assessment purposes, the compounds of the above 
general formula (I) variously exhibit specific bioactivity characteristics rendering 
them useful as treatment agents for various physiological and pathological 
conditions. a 

The compounds of the above general formula (I) include various agonist 
spec.es med.at.ng analgesia and agonist species useful for the treatment of 
diarrhea, depression, urinary incontinence, mental illness, cough, lung edema 
gastrointestinal disorders, spinal injury, and drug addiction. 

The compounds of the above general formula (I) also include antagonist 
spec.es wh.ch as mentioned are useful as agonist conjugates for neurotransmitter 
assay applications as well as antagonist species with utility for treatment of alcohol 
abuse, and drug overdose of opiate or other agonist species. 

In addition, to the extent that degeneration or dysfunction of opioid receptors 
is present or implicated in a disease state involving tissue or discrete cellular loci, 
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isotopically labeled versions of opioid compounds of the present invention find 
ut.l.ty in diagnostic and imaging applications, e.g., diagnostic techniques involving 
positron emission tomography (PET) scans of the brain. 

As mentioned hereinabove, opioid receptor sites are loci on cells which 
recognize and bind opiate and opioid drugs, which in turn can affect (initiate/block) 
biochemical/physiological sequences (transduction). 

In the case of the non-peptide opioid agents contemplated by the present 
invention, the structure/activity pattern for the various compounds within the general 
formula (I) is highly diverse, and subtle differences such as changes in 
stereochemistry can result in different transduction^ effects. Thus, formula (I) 
comprehends agonist species as well as antagonist species. 

Further, empirical determinations utilizing compounds of the present 
invention provide strong evidence of the existence of a delta receptor subtype in the 
brain that is different from the delta receptor in the mouse vas deferens. 

In consequence of the existence of such delta receptor subtypes other 
receptor binding assays or screening techniques, e.g.. analgesia screening tests 
may in some instances be employed in preference to the mouse vas deferens 
assay as a predictor of agonist or antagonist activity for specific compounds of the 
present invention. 

In the case of mu receptor agonists, activity is generally distinguished and 
measured by activity in the electrically stimulated guinea pig ileum assay. 

Particular preferred compounds from the above-listed illustrative compounds 
(1- 181) include compounds 7, 16. 29, 37, 50. 61. 64. 67. 70. 107, 112. 115 122 
124, 127, 142. 148, 150, 152. 153, 154. 155. 164, 175. 176. 177. 178. 179.' 180* 
181. and pharmaceutical^ acceptable esters, salts, and other physiologically 
functional derivatives thereof. 

By way of specific examples in consideration of the compounds broadly 
descnbed hereinabove, Table I below shows the chemical structure of thre* 
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-rand V -C- C ° mP0UndS ° f ^ PreS6nt inVemi ° n ' d6n0ted h8rein 38 com P° unds "A", 




rV CH3 o r N Y CH 3 . I CH3 

CH 3 * N ph m*^ X J 

3 i CH 3 * N CH 3 «" k |yr 

CH 2 .CH=CH 2 CH^CH^CH, C^CFteC^ 

(A) (B) (C) 



species 



These compounds A. B, and C are highly selective opioid receptor ligand 



S^lZr' Pred0mi " an " y mu rece > ,or a 9° nl « «■ «* be utilized or 
example in mediating surgical analgesia. 

Compound B, 5-((aR>a-((2^5R>4-aliyi-2,5-dimethyM 

2?^^ is a predominant* 

delta receptor agonist, having utility in mediating epidural analgesia. 

Compound C. 3-((aR)-a-((2S,5R)-4-ally|.2,5-dimethy^ 
S^ 1 "^""**. * a mixed mu/defta opioid agonist with 
analgesic utmty, especial* in mediating surgical and/or post-operative analgesia 

enanJm!, C ° mp ° UndS desirab ^ ™ P^pared in substantially pure 

enant,omer form, with an enantiopurity of at least 90% enantiomeric excess (EE) 

s Tt 95 y° ee - more preferab,y at ,east 98% ee - and — w 

1x11! ntf* Enant ' 0menc excess va,ues P«"*» a quantitative measure of the 
excess of the percentage amount of a major isomer over the percentage amount of 
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a minor isomer which is present therewith, and may be readily determined by 
surtable methods well-known and established in the art, as for example chiral high 
pressure liquid chromatography (HPLC), chiral gas chromatography (GC), nuclear 
magnetic resonance (NMR) using chiral shift reagents, etc. 

The mixed mu/delta receptor character of compound C and of other and 
related compounds within the scope of the present invention entails a substantial 
potential advantage over various known mu receptor compounds currently 
employed as analgesics. 

The vast majority of currently used high potency analgesics, including 
morphine, fentanyl, meperidine, sufentanil, and codeine, are mu receptor binding 
compounds. As is well established, these compounds, while highly efficacious for 
mediatmg analgesia, have accompanying side effects, including disorientation 
attenuat.on of mental acuity, muscle rigidity, and respiratory depression, and 
withdrawal side-effects including nausea, vomiting, shakes, seizures, and sweats 
Such s.de effects are typically absent or at least much reduced in use of analgesia- 
med.at.ng delta receptor binding species. Accordingly, the use of mixed mu/delta 
receptor species of the present invention may attenuate or even eliminate the side 
effects normally attendant the use of mu receptor binding compounds. 

Compound A when prepared as a pure enantiomer exhibits potent mu-opioid 
ana ges.a comparable to fentanyl, a leading mu-opiate analgesic for surgical 
analges.a Respiratory/analgesia studies in rats comparing Compound A to 
fentanyl have demonstrated similar activity profiles and duration of action. 
Additionally, Compound A appeared to be much safer than fentanyl at higher 
(equivalent) doses. a 

Compound B is a delta-opioid agonist. Agents of this type produce 
analges.a at the spinal level. Spinal analgesics such as lidocaine and morphine 
have s.de-effect liabilities due to leakage from the spinal compartment to the 
penphery. Compound B. by contrast, does not produce evident side effects when 
adm.n.stered peripherally to rats and mice. The absence of such side effects 
impl.es a superior utility for Compound B and related derivatives of the present 
invention, in mediating spinal analgesia. 
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Compound C, as discussed hereinabove, is an enantiomerically pure 
analgesic exhibiting agonism at both mu and delta opioid receptors. In rodent test 
subjects, Compound C has analgesic potency comparable to mu-analgesic 
morphine, but produces a much reduced extent of muscle rigidity and respiratory 
depress.on. Further, rodent tests show Compound C to be free of proconvulsant 
act.v.ty, such as may be associated with structurally related pure delta agonists. 

By way of further example. Table II below shows chemical structures of two 
additional illustrative compounds of the present invention, denoted hereinafter as 
compounds "D" and "E". 




Although it might be assumed at first impression that all delta agonist 
compounds of the present invention would have similar in vivo profiles with 
potenc.es parallel to mouse vas deferens activity, this is not invariably the case. 

Compounds D and E provide analgesic activity in the tail flick test when 
injected mto the brains of mice (icv). Such analgesia is reversible by injection of a 
non-specrfic opiate antagonist (naloxone) or delta-specific antagonists (IC! 174 864 
or naltnndole). Accordingly, the analgesia appears to be produced via agonist 
act.v.ty at a delta-opioid receptor. Nonetheless, Compound E is inactive as an 
agon.st m the mouse vas deferens (it may be a weak antagonist), whereas 
compound D is a potent agonist in the tissue. 
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Compounds (1)-(181), identified hereinabove as illustrative of compounds of 
the invention, include compounds which have significant potency in the receptor 
binding assay (rat brain), compounds that are predominantly active at one or the 
other of the delta receptor subtypes, and compounds having mu receptor activity or 
mixed mu receptor/delta receptor activity. 

Binding assay and analgesia test results show that compounds of the 
present invention variously mediate analgesia in respect of a wide variety of stimuli 
and physiological perturbations. This in turn evidences a high level of complexity in 
neurotransmitter functions and stimulus-related responses associated with various 
opioid receptors, including mu receptors, delta receptors and delta receptor sub- 
types. 

A number of compounds of the present invention within formula (I), or their 
chemical precursors (which also in many instances constitute novel compounds 
and thus are contemplated within the scope of the present invention), evidence 
biological activities in addition to opioid activity, e.g., biological activity including 
sigma receptor binding affinity, and multidrug resistance activity. 

As is apparent from the foregoing discussion, the compounds of the present 
invention have broad utility in the treatment of a wide variety of physiological 
conditions and disorders. The invention accordingly contemplates the use of such 
compounds in the manufacture of a medicament for the treatment or prophylaxis of 
such physiological conditions and disorders. In addition to those treatment 
applications already mentioned, other utilities for compounds of the present 
invention include the treatment of bronchial disorders such as asthma, emphysema 
and apnea. 

Further, endogenous opioids such as enkephalins and endorphins, and their 
neurological systems, have been identified in connection with various CNS 
disorders, such as compulsive behavior, depression, psychosis, etc., and agonist or 
antagonist species within formula (I) of the present invention have utility in 
combatting such disorders. 

Various agonist species as well as antagonist species of the compounds of 
formula (I) may also find utility in the treatment of drug (opioid/narcotic) 
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i 

l U ^ ddi ? n ' ^ thUS h3Ve f0r dement of methadone or other 
conventional op.ate agents in drug rehabilitation programs, to the extent that 
conventiona. drug treatment agents have side effects or other disadvanta " 
contraindicate or limit their use. 

Concerning drug addiction treatment with effective compounds within the 
broad scope of the present invention, it is noted that methadone is a mu-receptor 
op,ate w,th actions similar to morphine, i.e.. methadone is abusable and addictL 
Methadone ,s used as a "maintenance therapy- agent for opiate addicts, so that 
such ,nd.v.duals can remain functional while satisfying their addictions in a safer 
and non-cnm.nal manner. In this respect, compounds of the invention may have 
uWrty m place of. or as an adjunct to. currently used treatments for drug addiction 
such as those involving naltrexone, methadone, clonidine, etc. 

have T P ° UndS Withln th9 SC ° pe 0f ,he present invention . as mentioned. 

of he tl^ ° ^ ana,96S '' a ' SUCh 38 Spina ' ana, ^ a ' and compound 
of the mvention may a«so find utility in appetite suppression applications, and the 



d 6 ,t a ^°T UndS of the P resent inven «°n include various compounds which are 
detta-op,o.d agon,sts in the mouse vas deferens delta receptor subtype as well as 

are anta90nists at such detta receptor ^ 

of the present mvention also include compounds which are agonists or antagonists 
at the delta receptor in the brain, which appears, on the basis of empirical 
determ.nat.ons. to be a different defta receptor subtype than the defta receptor in the 
mouse vas deferens. A substantia, number of compounds of the zJZtonel 

del air °K ° f inVem, '° n ^ either a90nist or a ~t active a bo h 
delta receptor subtypes. A number of these compounds have high activity at the 

r^o 1^ f h : r " ^ ^ r9CePt0r »** «W* » « ml mu 

bZ T # t C9P ^ COmP ° UndS ' 3nd m otner within the 

broad scope of the present invention have significant affinity for the sigma receptor. 

mJ^fZ-'T f ° r agonlst/anta 9° nis t activity, such as receptor binding 
affmrty tests, and mh.brtion of electricaHy stimulated muscle twitch tests, compounds 

ll J! BSm mV6ntj0n P ° t9nCy ° ver a ranae of from "anomolar to 

m.cromolar concentrations, depending on the specific compound employed 
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One preferred sub-class of delta and/or mu receptor diarylmethylpiperazine 
compounds within the scope of the present invention comprises compounds of the 
formula: 



-I R2 




(III) 



on 



in which Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having w „ 
a first nng carbon atom thereof a substituent Y and on a second ring carbon thereof 
asubstituent R 1 , 



wherein: 

Z = OH (including esters thereof); NH 2 (including carboxamides and sulfonamides 
thereof) or CH 2 OH (including esters thereof); 

Y = hydrogen; 
halogen; 
nitrite; 

C1-C6 alkyl; 
C3-C6 cycloalkyl; 
Ci-C6alkoxy; 
C3-C6 cycloalkoxy; 

sulfones (S0 2 R 7 ) where R 7 is C1 -C 6 alkyl or C 3 -C 6 cycloalkyl 
orCs-Cioaryl; 

alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R 7 where R 7 is the 
same as above; 
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aminomethyl (CH 2 Nr8r9) where R8 and R9 may be the same or different 
and may be hydrogen, C5-C10 aryl, C2-C6 hydroxyalkyl, C2-C6 
methoxyalkyl, Ci-C 6 alkyl or C3-C6 cycloalkyl, or taken together may 
form a ring of 5 or 6 atoms; 

sulfonamides (S0 2 Nr8r9) where R« and R9 are the same as above; 

C1 -C6 acyl; 

carboxylic acid, including esters and salts thereof; or 
carboxamides (CONR10 R 11) where R 10 and R 11 may be the same Qr 
different and may be hydrogen, C5-C10 aryl, C1-C6 alkyl, C3-C6 cycloalkyl, 
C2-C6 hydroxyalkyl, or C2-C6 methoxyalkyl, or taken together may form a 
ring of 5 or 6 atoms, or where either R 1 0 or R 1 1 may be a dipeptide, or where 
either R 1 0 or R 1 1 may be an alkyl or polyether chain of 6-1 2 atoms joined to 
the corresponding position of another diarylmethyl piperazine moiety so as to 
provide a symmetrical dimeric compound; 

R 1 ,R 2 = hydrogen, halogen, or C1-C4 alkyl; 

R 3 ,R 4 ,r5 . hydrogen or methyl, where the total number of methyl groups is 1 or 2, 
or any two taken together may form a bridge of 1 to 3 carbons; and 

R6 = 

hydrogen; 
C1-C6 alkyl; 
C3-C6 cycloalkyl; 
C5-C1 0 aryl C1-C6 alkyl; 

alkoxyalkyl containing C r C 4 alkoxy and C r C 4 alkyl moieties; 
C1-C4 cyanoalkyl; 
C 2 -C 4 hydroxyalkyl; 

aminocarbonylalkyl containing a C 1 -C 4 alkyl moiety; or 
-R12 C0R 13 where R 12 is CrC4 al ^ ten9t and R 13 js CrC4 3,^, Qr 

C1-C4 alkoxy. 

Another preferred sub-class of compounds of the present invention, wherein 
Ar is a six-member ring, which includes members exhibiting delta-opioid agonist 
activity in the mouse vas deferens test as well as members exhibiting mu receptor 
(mu agonist) activity, comprises compounds of the formula: 
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wherein: 

X = nitrogen or carbon (N or CH); 



Z= 



Y = 



OH (including esters thereof); 
NH 2 (including carboxamides and sulfonamides thereof); or 
CH 2 OH (including esters thereof); 

hydrogen; 
halogen; 
methyl; 
nitrile; 

suifones (S0 2 r7> wner e R? ls Ci -C 6 a.kyl. C 3 -C 6 cycloalkyl, C5-C10 aryl 

orC5-CioarylCi-C 4 alkyl; 
alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R 7 where R? is the 

same as above; 

carboxamides (CONr8r9) where r8 and R9 may be the same or 
different and may be hydrogen, Ci-C 6 alkyl, C 3 -C 6 cycloalkyl 
C5-C10 aryl, C 2 -C 6 hydroxyalkyl. or C2-C 6 methoxyalkyl, or ' 
taken together may form a 5- or 6-membered ring- 

CONRjAB where r8 is the same as above. A is a divalent ligand selected 
from the group consisting of alkylene and etheric bridging 
groups, and B is a dimer-forming moiety joined to a first valence 
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bond of the divalent ligand A and symmetric about A to the compound 
moiety joined to the other valence bond of the divalent ligand A; 

sulfonamides (S0 2 NR 8 r9) where R 8 and R 9 are the same as above; or 

carboxylic acids, including esters and salts thereof; 

R 1 = hydrogen, halogen, or C1-C4 alkyl; 



R 2 = hydrogen or fluorine; 

R 3 ,R 4 ,R 5 = hydrogen or methyl, where the total number of methyl groups is one or 
two; and 

R6 = hydrogen; 
C1-C6 alkyl; 
C3-C6 cycloalkyl; 
C5-CioarylCi-C6 alkyl; 

alkoxyalkyl containing C r C 4 alkoxy and C r C 4 alkyl moieties; 
C r C 4 cyanoalkyl; 
C 2 -C 4 hydroxyalkyl; 

aminocarbonylalkyl containing a C 1 -C 4 alkyl moiety; or 
-R^COR 18 where R 12 is C r C 4 alkylene, and Rl 3 is C^-C 4 alkyl or 

C r C 4 alkoxy. 



Under the sub-class of compounds of formula (IV) set out above, especially 
preferred compounds, with respect to the various substituent groups, include 
compounds wherein: 

Z = OH (including esters thereof), with esters being made from acyl groups such as 
CH3CO, PhCO, Me 2 NCO, and Me 3 CCO; 
NH 2 (including carboxamides and sulfonamides thereof, e.g., formamide and 

benzenesulfonamide); or 
CH 2 OH; 

Y = hydrogen; 

halogen (CI, F, I, Br); 
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methyl; 
nit rile; 

sulfones of the formula S0 2 r7 where R? „ Cl -C 6 alkyl or 

C5-C10 aryl Ci-C 6 alkyl, e.g., R? = Me; 
alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 r7 W here R? is the 

same as above, e.g., p7 = CH 2 Ph- 

^malt h C h NR8R9) Wh6re R8 ^ R9 may be Sa ™ » and 
may be hydrogen, C 5 -C 10 aryl, Cl -C 6 alky,, C2-C4 hydroxyalkyl, 

C2-C4 methoxyalkyl, or C 3 -C 6 cycloalkyl, or taken together may form 
a 5- or 6-membered ring, e.g., wherein: 



<- - tC. *r Et J Pr ., M * 

"Me 





«" 

"H 


< 


<* 

"H 


Me 
Me 


Ph 








"Me 



o 



Me 



sulfonamides (S0 2N r8r9; where „ 8 ^ r9 are ^ as ^ 
wherein: 



£ - < < c < <: o 



carboxylic acid, and esters and salts thereof; 
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R 1 = hydrogen, methyl, or halogen; 
R 2 = hydrogen or fluorine; 

R 3 ,R 4 and R 5 = hydrogen or methyl, where the total number of methyl groups 
is 1 or 2; and 

R 6 = Ci -C6 alkyl, or C3-C6 cycloalkyl. 

In the foregoing preferred substituent categories, R1, when halogen may 
surtably be any of chlorine, bromine, iodine, or fluorine, with the halogen species of 
chlonne, bromine, or fluorine being generally more preferred. Among the preferred 
C1-C6 alkyl and C 3 -C 6 cycloalkyl species for R6 are Me, Et, Pr, Bu allyl 
cyclopropylmethyl, 2-buten-1-yl l2 -methyl-2- P ropen-1-yl. and ^chloro^-propen-l-' 
yl. the last-mentioned species of 2-chloro.2-propen-1.yl being within the broad 
def.nit.on of alkyl as hereinearlier set forth, as comprehending alkyl groups 
contammg further substitutents such as halo, hydroxy, amino, etc.. as well as alkyl 
groups containing heteroatoms or other non-hydrocarbyl bridging moieties or 
unking groups, as well as unsaturated groups or moieties. 

Other diarylmethyl piperazine compounds of the present invention exhibiting 
s.gn.ficant activity in the mouse vas deferens test include the peptide conjugates of 
the carboxamide series (Compound F. as shown in Table III below), and dlmeric 
analogs of the carboxamide series (Compound G. as also shown in Table III below) 
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0 
it 

H f^^jT C "dipeptide 





Me, M 

N Me 

Comnniin^F 



N— W — N 
H H 




N^Me Me? N 

CH 2 =SCH - CH 2 6*CH.Ctfc 
Compounflfi 

The dipeptide moiety in Compound F may be, for example. Phe-Leu, or Giy-Giy or 
(CH 2 ) e , or a polyether bridge moiety, e.g..(CH 2 CH 2 OCH 2 ) 2 . 6 

whertr iCUWy Pre ' err9d ******* °' C ° mp0Un<iS °' *""* <'"> •«* «™se 
Ya hydrogen; 

sulfones (S0 2 R7) where R7 is c r C 6 alkyl or Qj-Ce cycloalkyl- 

^TT* (C ° NR8R9) Wh6re R8 and R9 ma * be the sa ™ " ^rent. and 
may be hydrogen, C r C 6 alkyl, C 2 -C 6 hydroxyalky., CrC 6 methoxyalkyl, C r 
C 6 cycloalkyl, C 5 -C 10 aryl, or peptide conjugates, or R8 and R9 
together may form a ring of 5 or 6 atoms; or 

sulfonamides (SO^RflRO, where R8 and are the same as above; 
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R 1 , R 2 = hydrogen or fluorine; 



R3, R4 R5 a hydrogen or methyl, where the total number of methyl groups is one or two- 
and 

R 6 = hydrogen, d-C 6 alkyl, C 2 -C 6 methoxyalkyl, or Ca-Ce cycloalkyl. 

In the subclass compounds of the above description, the aryl moiety Ar preferably 
is selected from phenyl, thiazolyl, furanyl, thiophenyl, and pyrrolyl, and more preferably is 
phenyl or thiophenyl. In addition to the Y and R1 aromatic ring substituents, the aromatic 
nng Ar .n formula (III), as well as in other chemical formulae herein depicted and 
representing compounds of the invention (containing Ar as an aromatic ring moiety 
thereof), may be further substituted with other, sterically acceptable ring substituents 
such as organo substituents, e.g., hydrocarbyl radicals including d-Ce alkyl C 2 -C 6 ' 
alkenyl C 2 -C 6 alkynyl, d-Cehydroxyalkyl, etc. When Ar is phenyl, preferred species of 
he subclass compounds include those in. which the substituent Y is carboxamide 
(aminocarbonyl). 

A highly preferred subclass of compounds of the present invention comprises 
diaryimethyl piperazines of the formula: 




wherein the substituents R 1 R2 r3 r4 p5 r6 an * v . u ^ . 

above. ' 1 * " ■ " ■ " • and Y are as descnbed immediately 



Under the sub-class of compounds of formula (V) set out above/especially preferred 
compounds, with respect to the various substituent groups, include compounds wherein: 
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Vm ^mr (co r R9> where rs and ° 9 may *• and 

may be hydrogen, C r C 6 alkyl, C 3 -C 6 cycloalkyl, or C s -C 10 aryl, or Re and R* 
together may form a ring of 5 or 6 atoms, e.g., wherein: 



H a "we 

Pr ' £± ^ 

*» <«. c o . 

R 1 , R 2 = hydrogen; 

Fft R« RS = hydrogen or methy,, where the tota. number of methyl groups is one or two; 

R 6 = hydrogen, C r C 6 alkyl, C 2 -C 6 methoxyalkyl, or C 3 -C 6 cycloalkyl. 

Particularly preferred diarylmethyl piperazine species according to the 
present .nvention inc.ude Compounds A-G, described hereinabove, as we., al 
Compounds H-K, whose structures are set out in Table IV below. 

TABLE IV 



H 0 



OH 

*»^N^.CH a N CH 3 

C ° mP0Unf1 t j Comnnnndl 
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TABLE IV (continued) 



o 
fl 



ch 3 **Y CH 3 ^N^ 

CHjCHsCHg CH 2 CH=CH2 

Compound J ComponnH \c 



Compound H is an agonist species exhibiting delta receptor agonist activity, 
leading to the conclusion that this compound should mediate analgesia with the 
same effectiveness as delta-opiate peptide compounds. 

Compounds I and K exhibit significant agonist activity at the mu-opiate 
(morphine-binding) receptor, in addition to delta-receptor opiate properties. 
■ Compounds I and K, in addition to their multi-receptor profile, are strong analgesics 
and may provide morphine-like activity with reduced respiratory depression. 

Compound J exhibits potent delta receptor agonist activity. 

Compounds of the present invention have pharmaceutical activity, including, 
inter alia, analgesic activity, and are useful in treating animals, e.g., mammals such 
as humans, for conditions in which analgesia is desired. 

A method of producing an analgesic response in an animal subject in need 
of such treatment comprises administering to the animal subject an analgesia- 
inducing amount of a compound of formula (I). 

In addition, various compounds of the present invention having appertaining 
therapeutic utility may be usefully employed in the treatment of conditions including: 
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huma/aTnt'* ^ treated b/ me,h0dS °' "» presem *** "oth 

•"^.^^^Tr' °' °' C ° nditi0nS *«*" 

as two, three tour live si^l™ ? . d0S9 iS preterably P™ 88 ™*' 

throughout the 1 T hesa a ^ W ° SeS ■*•*'"«» « Wroprlate inters 

ther, J!" ""^ °' a< " ninl8,ra,ion "<< *Kage forms will of course affect the 

' h8 p d0Sa9e tevels ussd in Parenteral administration methods, for the same 
acve ,ngred,ent. ,„ administration to indudng ana ^ esia , 
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mu receptor binding compounds of the invention may be on the order of 5-200 
mg/70 kg body weight/day. Intrathecal administration dosage levels are generally 
on the order of about 10% of the levels characteristic of parenteral administration 
dosage levels. In tablet dosage forms, typical active agent dose levels suitable for 
inducing analgesia are on the order of 1 0-1 00 mg per tablet. 

The compounds of formula (I) may be administered qslss. as well as in the 
form of pharmaceutical^ acceptable esters, salts, and other physiologically 
functional derivatives thereof. 

Examples of pharmaceutically acceptable esters of the invention include: (a) 
carboxylic acid esters of hydroxy groups in compounds of formula (I) in which the 
non-carbonyl moiety of the carboxylic acid portion of the ester grouping is selected 
from straight or branched chain alkyl (e.g. n-propyl, t-butyl, n-butyl), alkoxyalkyl (e.g. 
methoxymethyl), arylalkyl (e.g. benzyl), aryloxyalky (e.g. phenoxymethyl), and aryl 
(e.g. phenyl); alkyl- or arylalkylsufonyl (e.g. methanesulfonyl); amino acid esters 
(e.g. L-valyl or L-isoleucyl); dicarboxylic acid esters (e.g. hemisuccinate); carbonate 
esters (e.g. ethoxycarbonyl); and carbamate esters (e.g.-dimethylaminocarbonyl (2- 
am.noethyl)aminocarbonyl); and (b) alcohol esters of carboxylate groups in 
compounds of formula (I) in which the alcohol moiety of the ester grouping is 
selected from straight or branched chain alcohols (e.g. ethanol, t-butanol), phenols 
(e.g. 4-methoxyphenol), alkoxyalcohols (e.g. ethoxyethanol), arylalkyl alcohols (e.g 
benzyl alcohol), and aminoalcohols (e.g. 2-aminoethanol). 



Examples of pharmaceutically acceptable salts of the compounds of formula 
(I) and physiologically functional derivatives thereof include salts derived from an 

Sn P o riat ^ b K aSe ^ S ! J ?! , 33 a " alka " metal (for exam P' 6 ' sodium - Potassium), an 
alkaline earth metal (for example, calcium, magnesium), ammonium and NX 4 + 

(wherein X is C,. A alkyl). Pharmaceutically. acceptable salts of an amino group 

include salts of: organic carboxylic acids such as acetic, lactic, tartaric, malic 

lactobionic and succinic acids: organic sulfonic acids such as methanesulfonic 

ethanesulfonic, isethionic, benzenesulfonic and p-toluenesulfonic acids- and 

inorganic acids such as hydrochloric, hydrobromic. sulfuric, phosphoric and 

sulfamic adds. Pharmaceutically acceptable salts of a compound having a hydroxy 
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n 4 , 0 rNX 4 (wherein X.s for example a ^.4 alkyl group). 

for ^rniT"" 0 " 8,50 COntemplates Pharmaceutical fc™,,^ both 

~---~"=r.:: 

mven toon, such as a compound within the above-discussed formulae (I) - (V) in h! 
preferabVTuttTTf' medicament ( O r mu ,a.lons, the active agent 

urrs xzzz-^z^zz: 

The formulations include those suitable for parenteral as wall ac „„ 



,h. J??." !*" a9e "' iS " tifa * 1 ln a "" n,ula «''" «""Plai"9 a liquid solute, 
.he formulae advantageously may be administered parenteral!, Van ftTSSS 
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agent is employed in a liquid suspension formulation or as a powder in a 
biocompatible carrier formulation, the formulation may be advantageously 
administered orally, rectally, or bronchially. 

When the active agent is utilized directly in the form of a powdered solid, the 
active agent may advantageously administered orally. Alternatively, it may be 
administered bronchially, via nebulization of the powder In a carrier gas, to form a 
gaseous dispersion of the powder which is inspired by the patient from a 
breathing circuit comprising a suitable nebulizer device. 

In some applications, it may be advantageous to utilize the active agent in a 
"vectorised" form, such as by encapsulation of the active agent in a liposome or 
other encapsulant medium, or by fixation of the active agent, e.g., by covalent 
bonding, chelation, or associative coordination, on a suitable biomolecule, such as 
those selected from proteins, lipoproteins, glycoproteins, and polysaccharides. 

The formulations comprising the active agent of the present invention may 
conveniently be presented in unit dosage forms and may be prepared by any of the 
methods well known in the art of pharmacy. Such methods generally include the 
step of bringing the active compound(s) into association with a carrier which 
constitutes one or more accessory ingredients. Typically, the formulations are 
prepared by uniformly and intimately bringing the active compound(s) into 
association with a liquid carrier, a finely divided solid carrier, or both, and then, if 
necessary, shaping the product into dosage forms of the desired formulation. 

Formulations of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets, tablets, or lozenges, each 
containing a predetermined amount of the active ingredient as a powder or 
granules; or a suspension in an aqueous liquor or a non-aqueous liquid, such as a 
syrup, an elixir, an emulsion, or a draught. 

A tablet may be made by compression or molding, optionally with one or 
more accessory ingredients. Compressed tablets may be prepared by compressing 
in a suitable machine, with the active compound being in a free-flowing form such 
as a powder or granules which optionally is mixed with a binder, disintegrant, 
lubricant, inert diluent, surface active agent, or discharging agent. Molded tablets 
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sterile a~ P « a ~°" ^ • 

fnrm„io»- recipient (e.g., physiological saline solution) Surh 

-jsr ~;rr: s r,^ sr a,ueous s ° ,u,ions 01 - 

preferably edited «. 7 T ° a9ems - Such '""""lotions are 

rnemCes ' •" ^ *** «~» -* •» "asa, mucous 

fatty carboxylic adds. ' hydr0 9 enated **>• or hydrogenated 

except that the P H and ,sotonic factors are preferabf, adjusted to match tha, cf 2 

in c„. T o, P T' " >m "" a,ions """P"" »• ^ve compound dissolved or suspended 
m one or more mediai ^ as ^ 

other bases used tor topical pharmaceutical formulations ' 
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Transdermal formulations may be prepared by incorporating the active agent 
in a thixotropic or gelatinous carrier such as a cellulosic medium, e.g., methyl 
cellulose or hydroxyethyl cellulose, with the resulting formulation then being packed 
in a transdermal device adapted to be secured in dermal contact with the skin of a 



In addition to the aforementioned ingredients, formulations of this invention 
may further include one or more accessory ingredient(s) selected from diluents, 
buffers, flavoring agents, binders, disintegrants, surface active agents, thickeners, 
lubricants, preservatives (including antioxidants), and the like. 

The present invention also contemplates a process for the preparation of a 
compound of formula (I), as defined hereinabove, wherein G is nitrogen, or a 
pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof, which comprises the following steps: 

(A) the alkylation of a piperazine of formula (VII) by an alkylating agent of 
formula (VI), 



wherein Ar, Rl- r7, Yand Z are as defined in formula (I), and Z may be protected, if 
necessary, with a suitable protecting group such as tert-butyldimethylsilyl, and 
wherein is a suitable leaving group such as chloride, bromide, tosylate 
(CH 3 (C 6 H4)S03-), mesylate (CH3SO3-), or other such groups known in the art, or 



wearer. 





(VII) 
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(B) the transformation of a compound of formula (VIII), 
Ar I 1— * 




mm) and Ar. ri - rB, and Z are as defined In formula (I), and z may be protected 
* mm*,, with a suitable protecting group such as JL^JSmuTT' 
may be hydrogen when A, Is a he.erocydl.hng such as ml* or^ imo a 
compound of formula (I) wherein Q is nitrogen and R7 , s hydrogen and 7ma^e all 
groups as defined in formuta <„ tha, arc compare „„, £ tra^enT 

am SUb5 " ,U " 0n reaC,i0nS ' lnc,udlno formationTan 

t^TZfTr** new su ~ s Y 31 ,h9 - » a ■** 

suosmuente Y (reactive halogen or hydrogen). 

"T!"" 1 " ,0rmUla (l) wherei " G fe ni,rooe " ™V » prepared by 

solvent such as toluene or acetonitrile. The group R6 of a piperazlne of formula 
WO may .n*alfy be hydrogen, and after reaction to form a "mpou* of foZa ffl 

gl '.or 6 - a " ^ ^ R6 " X1 • — * "-^no 

9«>up. to prov.de compounds of formula (I) with varied groups R* „ (, eSned *™ 

heremabove. Such alkyiaing agents are commerdally avaLe ZZ£ 

21 J , ;. * redUC "™ aminalion ™* » ""Ployed by wealing .he 

compound of formula (I) wherein G is nitrogen and * is hydrogen Jtt, an 

^ropnate commas avaifcble aKehyde in the preset i a « agent 

rde:cipT borohydrtde in ^ such as *— " -» • 

. ™™* TT" ' 0mU,la ( " W ' ,e^e " , 6 is nltr °9 8n «*> « P^Pared tarn 
a compound of formula (VIII) by treatment with a cyanating reagent, such as 



WO 93/15062 



PCT/GB93/00216 



cuprous cyanide, in a suitable solvent such as dimethylformamide or N- 
methyipyrrolidone, to provide the corresponding compound of formula (I) wherein Y 
is nitrile, which may be further hydrolyzed to a compound of formula (I) wherein Y is 
carboxylic acid with alkali or aqueous mineral acid. The carboxylic acid may then 
be converted to a compound of formula (I) wherein Y is carboxamide (CONR9R10 
or CONR9AB as defined in formula (I)) by various means known in the art, such as 
formation of the acid chloride (eg. with thionyl chloride) or by formation of the mixed 
anhydride (e.g with isobutyl chloroformate) or by formation of an activated ester with 
conventional peptide-coupling reagents (e.g. dicyclohexylcarbodiimide or 
benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium hexafluorophosphate), any 
of which activated intermediates may be converted to the desired carboxamide by 
reaction with an appropriate amine (HNr9r10 or HNR9ANR9H) in a suitable 
solvent such as dichloromethane or dimethylformamide. Similarly, reaction of such 
activated intermediates with a peptide may provide compounds of formula (I) 
wherein Y is a peptide conjugate of a carboxamide. 

Alternatively, a compound of formula (I) where Y is carboxylic acid (or sulfinic 
acid) may be formed directly from a compound of formula (VIII) by low-temperature 
(e.g. -60 °C to -78 °C) metal exchange of the reactive halogen with an 
organometallic reagent, such as n-butyllithium, or an activated form of a metal, such 
as lithium or magnesium, or, in the case where Ar is a heterocyclic ring such as 
thienyl or thiazolyl, by proton abstraction with a similar organometallic reagent, to 
provide an intermediate arylmetaliic compound, followed by reaction with carbon 
dioxide to provide the carboxylic acid (or sulfur dioxide to afford the sulfinic acid) in 
an anhydrous solvent such as tetrahydrofuran, under an inert atmosphere (e.g. 
nitrogen). The carboxylic acid may then be converted to the carboxamide by the 
method described above, or the sulfinic acid may be converted to the sulfonyl 
chloride (for example, with N-chiorosuccinimide) which is then treated with an 
amine (HNR9R10) to afford the desired compound of formula (I) wherein Y is 
sulfonamide (SO2NR9R10). 

Alternatively, the intermediate arylmetaliic compound generated from a 
compound of formula (VIII) may be treated with an appropriate carbamoyl chloride 
(CICONR9R10) to produce a compound of formula (I) wherein Y is CONR9r10, 
Alternatively, a compound of formula (VIII) may be treated with a transition metal 
catalyst, such as tetrakis(triphenylphosphine)palladium, in the presence of excess 
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amlneaml carbon mon0lMe in a solre „, suc „ „ 

produce a compound of formula (I) wherein Y is CONR9R1 0. ' 

Optionally, the arylmetallic species prepared hereinabove may be treated 
with appropnate commercial alkylating agents such as iodomethane or^ 

2^? '° ProU ' de ' C ° mP0Und °' tormula W wherei " Y " «*• or acyl 

Zonv, kT ,? '° 3 C ° mp0Und * tom,ula <" *•* y * aikoxyaminc- 
prcpl 1 17 hT m9,h ° d °' ' he Cu *» — ~* ^example by 

^Zl firm o? h K y "**" °' SOd "" n 10 ,he "« *«* « «her 
M vated form cf the carboxyiic add as hereinabove described, and heating the 
resulting acyi azide In the presence of an appropriate alcohol. ° 

A compound of formula (I) wherein Y is carboxyiic add may be converted into 
JZZT'T aCCePttble "~ * *""""«' °* a " WermediL e"eZ„r 

ra„ w : P Ca,: u ir add haMe - mtad — * — 

forrZZ a " enant,ooure «*. **» mandate add, or by 
formaion of readly separable diastereomers by an enantiopure deriving agent 

(I) or a suable denvatlve, or by preparation of the compound of formula m torn 

^Esr* ■** may — - * — - 

formu^xTwht ?-T m ^ 66 ^ ,rom ,he *** °< 

■ormula (IX), where 2 « protected with a suitable protecting group, by methods such 

ISST" r ,h '° nyl ° h ' 0ride " W P h *phin 9 eLrbon da tr 

rsrrr s * nyl chtonde ° r - a — - 
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R7 




OH 

(IX) 

Piperazines of formula (VII) are commercially available, or may be prepared 
by published procedures or variations of published procedures where R 6 is varied 
by appropriate alkylation with agents R6-X 1 . 

Compounds of formula (VIII) may be prepared by alkylation of a piperazine of 
formula (VII) with an alkylating agent of formula (X), in similar fashion to the piper- 
azine alkylation described above. Alkylating agents of formula (X) are likewise 
obtained from alcohols of formula (XI) by similar methods to those described above 
for compounds of formula (VI). 




Alcohols of formula (IX) or (XI) may be prepared by low-temperature (e.g. 
-60 °C to -78 °C) addition of substituted arylmetaliic species, prepared from com- 
pounds of formula (XII), wherein X 2 is reactive halogen (e.g. iodine or bromine), or 
may be hydrogen in the case of heterocyclic rings such as thienyl or thiazolyl, by 
methods described hereinabove, to Z-protected benzaldehydes of formula (XIII), 
including compounds wherein R 7 is hydrogen which provide compounds of formula 
(XI). 
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additio^T^'T^ ° f f ° rmUla (,X) ° r (X,) ma * a,so °° f °™d by similar 
fXIV °nn J ' P h -y'-etaliic species, derived from compounds of formula 

(XIV, mdudmg compounds wherein R 7 „ hydrogen whjch £ u * 
formula (XI). to arylaldehydes of formula (XV). ™Pounas of 



Ar— CHO 



(XV) 




dniiw a C °r P ° UndS (X,,) " (XV) and their sui ^ly protected derivatives are commer- 
cially avaHable or may be prepared by literature procedures. 

acceotlrr^ ° f f ° rmUla ( ° be COnverted int0 a Pharmaceutical* 
acceptable ester by reaction with an appropriate esterifying agent, e.g. an acid 

~ a TT C ° mP0Und ° f fomiU,a includi "9 esters thleof, may be 
converted ,nto pharmaceutically acceptable salts thereof in conventional manner 

oZ^ Anesterorsaltofacomo d 

^r y sis converted jnt0 the parent compound ' for exam p ,e - b y 

rnn , w BaS ; d 00 the Agoing discussion as well as general synthesis 
cons.derat.ons, it will be appreciated that various syntheses are useful Z 
prepa,t,on of diarylmethy, pipeline and diary.methy. Uridine com£ s 
e present .nvenfon, as will be readily apparent to those of ordinary skill in the art 
us^e synthetic methods for productjon Qf com ^ w . thjn J J" hea* 

omZS Tl° n ^ ? ° Ut bSl0W ^ ^ ° f » ^-toodTh 

compojnds of the mvent.on are amenable to manufacture by various other 

si S s rr; nd m ' thods within the *» ° f *• «• - that ». «^ 

eaT rts L f ° Ut b6,0W theref ° re not t0 be construed as 

ompou d IfT inVemi ° n - " iS t0 59 fUrther ~«" th * nove, 
compounds of the present invention comprehend various nove. intermediates, 

iZr !' P U9S> ana, ° 9UeS ' and derivative * of compounds specifically 
identified herein with reference to the invention 
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When the synthesis procedures which are employed for producing 
compounds of the invention yield racemic mixtures as reaction products, such 
racemic mixtures may be resolved by suitable means and method well-known and 
established in the art, as for example by formation of diastereomeric salts with 
enantiopure carboxylic acids, by chiral chromatographic resolution, by enzymatic 
resolution, or by other suitable conventional methods. 

SYNTHESIS REACTIOM srnP MF ? 

Set out below is an illustrative synthetic scheme for the formation of 
(±)-4-((aR*)-a-((2S^5R>4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxyben2yl)-N,N. 
diethylbenzamide, hereafter referred to as Compound L, and resolution thereof into 
constituent enantiomers, as hereinafter more specifically described in Example 6 
hereof. The illustrative synthesis scheme and resolution methodology of the 
ensuing description may likewise be employed in the synthesis, and resolution of 
other compounds of the invention, or alternatively other synthesis and/or resolution 
methodologies may be usefully employed within the skill of the art. 



O t-BuMe^iCI 
OH imidazole L JL 1 



1) n-BuU,THF,-78° 



DMF Br^^OSiMe 2 t-Bu 2) 

' CHO 
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N^CH 3 Br 

CH/ N ^^Y^t^* OSIMe 2 t-Bu 
1! ^ ^N^CHa BrCH^CHsCHj 

CH/ »T " 
H 




OSiMejl-Bu 

N^CH 3 B4NF chromatography or 



CHjCH= CH 2 



pm * N CH3CN selective 

3 Aujmj crystallization 




OH 




s ;ihi: 11 

OH 



OV0H.C* <* ^en.^ 



f V 3 imidazole, DMF ^.N^CHg 

CH, N C J 

CH 2 C HS :CH 2 CH / J 

2 CHa-CH^CHj 
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O 

1) n-BuLi ks ss** i vp , *^0SiMe 2 t-Bu 1) SOCI 2 . CH2CI2 



2)C02 xNyCHa 

1 

CH2" CH— CH2 




With respect to the foregoing synthesis scheme, the initial benzhydryl alcohol 
could be prepared from 3-(t-butyldimethylsilyloxy)bromobenzene by the following 
scheme: 




The intermediate could also be prepared via the benzophenone, which in 
turn could be obtained from an organometallic addition to 4-bromobenzonttrile: 
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f^j] 1) n-BuLi,THF,-78° Br Y"S 

Br^OSiMe 2 t-Bu 2, By^ UyU QSiMe^-Bu 



NaBH 4 Br V^« 




OSiMe 2 t-Bu 
OH 



acvla tin k k S ' m intermediates cou 'd be derived via Friedel-Crafts 
acfd 1 br ° m ° benzene with an a PP~Priate Lewis acid catalyst, using a suitable 

• 9 9r ° UP R f ° r th6 Phen °'' 88 Sh0wn be,ow - HI- F"' deLCraft 

react,on may also produce the ortho-substituted isomeric benzhydryl alcohol) 



OR 

6 



NaBH 4 



k1 o ^-^xi^x* Q r a 0R 

OH Br OH 



or wherein X . Br. Y . CH 2 CH=CH 2 , as mitres Sr i2S£^ 
protected precursors to those compounds. 
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CH 3 % N + ^N-yCH 3 

CONB 2 Y-CQaBor CH 3* * 

CHgCH— CH2 

r^^^" OS* 



J) n-BuU.THF.-78 0 *Tf^} H \] 



Br'^ 5! *^"OSiMe 2 t-Bu 2) x^s^ "V^^*^" OSiMeat-Bu 



a 

Y 



Y 



Similarly, reductive amination of the appropriate benzophenone with a 
suitable piperazine might provide the desired compounds directly. 



n n 0R + -ry "OA- 

u " 3 ¥ amination ^N„XH 3 

Y 




Or 



X=Bror Y = CC^Et or ru* N 

CONB 2 CH2CH=CH2 3 Y 



Compound L can also be synthesized by the alternative synthetic route set 
out below. 
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HOOC^x^ 1) SOCI 2 

I JL CH 2 CI 2 ,DMF 
^^CHO , 

2) Et 2 NH 



a. 



CHO 



JO 



0SiMe 2 t-Bu 



1) n-BuLi, THF, -78° 0 
eun- c tT^ 



2) 



Et 2 N' C Y^l 

^CHO 




OH 



0SiMe 2 t-Bu 



SOCI, 



O 





OSiMe 2 t-Bu 
^Ny CH 3 BrCH 2 CH=CH 9 

CH,*^n^ THF,Na 2 C0 3 
H 



0 

1) isomer separation ^AlA^ OH 



OSiMe,t-Bu 



CH 2 CH=CH 2 



O 
II 

EtaN-C 



2) Et4NF 



N CH 3 




OH 



CH,** " N 



CH2-CH=:CH 2 
Compound I, 



+ ^Nv^CHg 
CHa^ N 



CH 2 -CH=CH2 
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The N-allyl-trans-2,5-dimethylpiperazine reactant utilized in the above 
synthesis scheme may suitably be formed by the following synthetic process. 

h ?° 2Et 

N^CH 3 Et0C0C) .N^CHa BrCH?CH - CH2 



3 Etococi 

OH/' "J pH = 4 Ch/ Jj 



COgEt H 
^N^CH 3 NaOH ^N^CH 3 



CH3** N on 3 

CHa-CHsCHa . CH2-CH=CH 2 

A chiral synthesis method for the production of benzhydrylpiperazines is set 
out below. 

H 

^\ + f^V 0 " 3 1)CH 3 CN,heat 




OSIMe 2 t-Bu CH/ y 2 j 

Cl CHaCHsCHa 3 j isomer separation 

racemic (2R.5S) 

X = e.g., BrorCONEt 2 

h r 1 Tn-H ^ 





OH S^Np^s^OH 
N^CH 3 + ^N^CH 3 

CHaCH=sCH 2 CH 2 CHs=CH 2 

When the enantiopure N-allyl-trans-2,5-dimethylpiperazine is treated with a 
racemic benzhydryl chloride, the resultant product is a mixture of two enantiopure 
diastereomers that can be separated by conventional methods such as 
chromatography or fractional crystallization. 
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The N-allyl-trans-2.5-dimethylpipera2ine may be made in enantiopure form 
by the illustrative synthetic route outlined below. 

boc-n H rnnu 1 ) >2 equiv. NaH BOC ~„ H 

Np c °QH — ^ n nX^cooh 

* 2) allyl bromide ch 2 s CH-ch 2 y 

CHa CH 3 
BOC-D-Ala 



B0 °*"J cooh ^vtW Me 2 N-(CH 2 ) 3 -N=C=N-Et 

CH 2 :CH-CH 2 ^ + 



CH 3 CHa 

L-Ala-OMe 



°"»Y"y 0 hcooh CH - r K V o 

Me0 2 C >L ■ "~ \ J 

/'N* S-BUOH O^A CH3 

BOC CH 2 CH=CH 2 ! 



CH 2 CH=CH 



2 



H 

UAIHa V ^ 



N ^ 



, CH 3 
CH 2 CH=CH2 



In addition to the foregoing, Compound L may be synthesized via a nitrite 
synthesis route, utilizing cuprous cyanide as a nitrilation agent, as shown below. 
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O 
ii 

Et 2 N-C. 



1) neutralize w/HCI 

2) BOP Reagent 
EfeNHDMF 




t 

. N, 



OH 



>CH, 



ay 

CH 3 °' N 

CH 2 -CH=CHa 
Compound L 



BOP Reagent = 



a 



9 

©P(NMea) 3 



Alternative syntheses of Compound L from a corresponding halogenated 
compound are set out below. 
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Br 




OH 



t 



N t-BuMe 2 SiCI 
imidazole, DMF 



CMS V 



J 



CH2CH=CH 2 



Br 
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OSiMe 2 t-Bu 



CH/ n 



CHjCHsCHa 



O 
II 

EtjN-C. 



Pd°,CO 
Et 2 NH 




OH 



CH 3 

CH 3 ' N 

CH 2 CH=CH 8 
Comnnim^ | 



O 
ll 



EUNF 



H 



1) n-BuU 

2) Et 2 NCOCI 




OSiMe 2 t-Bu 



CH 3 



CH 3 " ^ N 



CH 2 CH=CH, 



^nJl!, 9 *?! 88 advanta 8 8s °' «» inwntlon are mere fully shown with 
respect to the following non-limiting examples. 

Certain specifications and methods common to many of the foilowina 
exampies re^ng to chemical synthesis are described in me neCXZ 

Melting points were determined with a Thomas-Hoover apparatus and 
Chem,cal Company, Milwaukee, Wisconsin, unless otherwise specified. 
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Commercial solvents were used without further purification except 
tetrahydrofuran, which was distilled from potassium. Nuclear magnetic 
resonance (NMR) spectra were obtained with Perkin-Elmer R-24 and Varian 
XL-200 or XL-300 spectrometers. HPLC analyses were performed with a 
Waters liquid chromatography system equipped with a 700 Satellite WISP, 
600E System Controller and a 991 Photodiode Array detector, with a 4.6 x 
250 mm Cyclobond I column (Advanced Separations Technologies, 
Whippany, New Jersey), at a flow rate of 1 ml/min. Optical rotations were 
obtained with a Perkin-EImer 241 polarimeter. Mass spectra were performed 
by Oneida Research Services, Whitesboro, New York. X-Ray crystallography 
was performed by Molecular Structure Corporation, College Station, Texas. 
Analytical thin layer chromatography was performed on Analtech glass 
plates pre-coated with silica gel GF (250 microns), and preparative thin layer 
chromatography on Analtech Uniplates pre-coated with silica gel GF (1000 
and 2000 microns). Elemental analyses were performed by Atlantic 
Microlab, Norcross, Georgia. 



EXAMPLE 1 

(±W(gR*te-K2S\5R^A^ 

benzYDphenol 

A solution of 3-bromophenol (500 g, 2.89 mol), tert.- 
butylchlorodimethylsilahe (436 g f 2.89 mol), and imidazole (500 g, 7.22 mol) 
in 500 mL of dimethylformamide was stirred overnight at room temperature. 
The reaction solution was poured into 3000 mL of water and extracted with 
two 2000 mL portions of diethyl ether. The combined ether extracts were 
dried over sodium sulfate and the solvent removed to give 846 g of 3- 
(bromophenoxyHert-butyldimethylsilane as a pale yellow liquid. NMR (300 
MHz, CDCI 3 ): 5 0.2 (s,6H); 1 .0 (s,9H); 6.75 (m,1H); 7.0 (br s, 1 H); 7.1 (m,2H). 

The crude silyl ether (146 g, 0.51 mol) was dissolved in dry 
tetrahydrofuran under nitrogen and cooled to -78 °C. A solution of 1.6 M n- 
butyllithium in hexane (318 mL, 0.51 mol) was added dropwise at a rate to 
maintain temperature below -70 °C. The reaction was stirred for 30 minutes 
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after the addition was complete, and the cold solution was transferred to 
another vessel containing a cold (-78 °C) solution of 4-bromobenzaldehyde 

94.3 g, 0.51 mol) in 1000 mL of dry tetrahydrofuran under nitrogen. The 
transfer rate was monitored to maintain reaction temperature below -70 °C 
The react.on volum, was stirred for another 45 minutes at -78 °C and then 
quenched with 100 mL of saturated aqueous ammonium chloride After 
warming to room temperature, the mixture was diluted with 2000 mL of 
diethyl ether and washed with 2000 mL of water followed by 500 mL of 

su^fand'r^ Ch '° ride - 6therea ' S0 ' Uti0n WaS dried 0ver «*«. 
sulfate and the solvent removed to give 197.2 g of crude a-(4-bromophenyl)- 

^^T^?^ a,COh0 ' 35 3 ye " 0W 0il - NMR ( 2 00 MHz, 
CDCI 3 ). § 0.2 (s, 6H); 0.9 (s,6H); 5.7 (s,1H); 6.75 (dd,J 1= 2 Hz,J 2 =8 Hz 1HJ- 

Hz 8 4 ( H) S ' 1H>; 6 9 (dJ=8 HZ,1H); (t ' J=8 H2,1H,: 7 25 3nd 7 45 < AB *-« 

1000 klITh b6nZh . ydryl a,C ° h0 ' (53 - 2 Q ' 135 mm0,) ^^issolved in 
1000 mL of d,chloromethane and 14.7 mL (202 mmol) of thionyl chloride was 

added dropw.se. The solution was stirred overnight at room temperature and 
n son r r: 6 " 0 ^ VaCUUm - The crude P^uct was redissolved 

T ,he S0 ' Vent a9ain was removed ™«» vacuum to 
elim nate excess thionyl chloride, providing crude a-(4-bromo D henvn 3 rtLi 
buty.d.methy.si.yloxWbenzy. chloride as a dark oil. iSMSfeW 
5 0.2 (s,6H>; 1.0 (s,9H); 6.0 (s,1H); 6.78 (dd,J 1= 1 Hz,J 2 =8 H 2 ,1H); 6.9 (m,2H)' 
7.2 (t,J=8Hz,2H); 7.27 and 7.47 (ABq,J=8Hz,4H). 

46 , Th M C « 6 b8nZhydryl ° h,0ride (aPpr ° X - 135 mmo, > was ^^ined with 
rorZJu- . ° f trans - 2 - 5 - dim ethyl P iperazine (purified by 

h?J h TT ° m t0 ' Uene t0 mp = 1 15 - 1 19 ° C > and 30 mL °< toluene and 
heated at reflux overnight under nitrogen. The toluene was removed under 
vacuum, and the residue was redissolved in 2000 mL of diethyl ether and 
washed wrth 500 mL of 1.0 M sodium hydroxide and 1000 mL of water. The 
ether solution was dried over sodium sulfate and the solvent removed to give 
a dark o,l. The product was purified by chromatography on silica gel wrth 1- 
10/o ethanol in dichloromethane to give 41.0 g (62%) of (±).trans-1-(4- 

bromo.a-(3-(tert-butyldimethylsilylox y )phenyl)benzyl)-2,5^imethylpi P er. 
azine as a 1 :1 mixture of diastereomers. NMR (300 MHz, CDCI3); 8 0.15 (s. 
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6H); 0.9 (m,12H); 1.2 (d,J=6 Hz,3H); 1.4-1.6 (m,2H); 2.2-3.0 (m,5H); 5.2 and 
5.3 (s,1H); 6.6-7.5 (m,8H). 

The purified benzhydrylpiperazine (41.0 g, 83.7 mmol) was dissolved 
in 500 mL of dry tetrahydrofuran with 7.3 mL (84 mmol) of ailyl bromide and 
22 g (200 mmol) of sodium carbonate and heated at reflux overnight under 
nitrogen. The cooled reaction solution was filtered and the solvent removed 
to give 44.1 g of crude (±)-trans-1-allyl-4-(4-bromo-a-(3-(tert-butyldimethyl- 
silyloxy)phenyl)benzyl)-2,5-dimethylpiperazine as a brown oil. NMR (200 
MHz, CDCI3): 5 0.15 (s,6H); 0.95 (m,12H); 1.15 (2 overlapping d,J=6 Hz,3H); 

1.8 (m,1H); 2.1 (m,1H); 2.35-2.65 (m,3H); 2.7-2.9 (m,2H); 3.35 (dd,Ji=5 
Hz,J2=12 Hz,1H); 5.0-5.2 (m.3H); 5.85 (m.1H); 6.6-7.5 (m.8H). 

The crude brown oil product (44.1 g, 83.3 mmol) was dissolved in 200 
mL of acetonitrile with 20 g (approx. 130 mmol) of tetraethylammonium 
fluoride hydrate and stirred for 1 hour at room temperature. After evaporation 
of solvent, the residue was redissolved in dichloromethane and washed with 
water (pH = 8) to remove the bulk of ammonium salts, the dichloromethane 
solution was dried over sodium sulfate and the solvent removed to give 40 g 
of residue. The product was purified by chromatography on silica gel 
(Waters Prep 500) with 0.5-1% ethanol in dichloromethane containing 0.1% 
triethylamine. The two diastereomers of the product were, separated by 
chromatography and were obtained initially as oils. Dichloromethane 
solutions of the diastereomers were shaken with water (pH = 8) and the 
products precipitated as white crystalline solids. The less mobile isomer (Rf 

= 0.45 on silica gel with dichloromethane:ethanoi:ammonium 
hydroxide/95:5:1) gave 7.3 g (21%) of (±)-3-((aR*)-a-((2S*,5R*)-4-allyl-2,5- 
dimethyl-1-piperazinyl)-4-bromobenzyl)phenol, mp 162-167 °C. NMR (200 
MHz, DMSO-d 6 ): 6 0.94 (d,J=6 Hz,3H); 1.06 (d,J=6 Hz,3H); 1.82 (dd,Ji=7.5 
Hz,J 2 =11.6 Hz,1H); 2.07 (dd,Ji=7 Hz,J 2 =11 Hz,1H); 2.5-2.6 (m,3H);2.71 
(dd,Ji=3 Hz,J 2 =11 Hz,1H); 2.84 (dd,Ji=7 Hz,J 2 =14 Hz,1H); 3.16 (dd,Ji=6 
Hz,J 2 =14 Hz,1H); 4.92 (s,1H); 5.09 (dd,Ji=2 Hz,J 2 =10 Hz,1H); 5.17 (dd,Ji=2 
Hz,J2=17 Hz,1H); 5.78 (m,1 H); 6.64 (s,1 H); 6.66 (t,J=7.5 Hz,2H); 7.13 (t,J=7.5 
Hz,1H); 7.32 and 7.49 (AB q,J=8.5 Hz,4H). A portion was converted to the 
dihydrochloride salt with excess ethanolic hydrogen chloride and the product 
was precipitated from ethanol with diethyl either to give a white hygroscopic 
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solid. Calculated for C 22 H 27 BrN 2 0 2HCI 0.33 H 2 0: C. 53.46; H, 6 05- N 
5.67; total halogen calculated as CI. 21.43. Found: C. 53.65- H 6 39- N 5 53- 

was made by X-ray crystallography structure determination. 

The above compound could also be obtained by fractional 
crystall.zat.on from an isomer mixture that had been partially enriched in the 
desired .somer by chromatography on a short silica gel column with 1 -1 

acetate - ^ a mixture (1 " * ° f 

I " ^^"y'-^S-dimethyM -p.perazinyl)-4-bromobenzyl)phenol (70%) 
and(±>.3-((«R >a - ((2 ^^ 

mUe^S hen0 ' 7? ^ ^ 10 70 ° C 2150 mL acetonitri.e/370 
s^TT , th6n fi,tered h0t The filtrate was «° ** to 42 'C and 
seeded wrth crystals of (^S-UaRTa-^S'.SR^^aHy^.S-dimethyM 

The SO,ution cooled ^ 34 °C and 
f'tered to g.ve 18.8 g of (±)-3-((aR*)- a . ( ( 2 s- f 5R-)-4-ally.-2.5-dimethy.-l- 

ZZTo 'T^TTT )pheno ' in 95% isomeric purity - Additio -» «*» 

fn l 9 , t6nal ° f Similar Durlt y- The total of 40.0 g was recrystallized 
th s-e fashion to give 32.7 g of WI^^Ir^^ 

d.methyl-l-p.perazinyD^-bromobenzyDpheno. with isomeric purity >98%. 



EXAMPLE ? 

g "^^^ ' L 

«„ ^ !*' iS ° mer '° 9lU,e "° m ,l,e colu ™ 01 E ^PI9 1 was obtained 

MH, ^25 ? M 9 <,4% ' °' Whte *»—• m P- 1M -" 7 °0. NMR (200 
MHz, DM04): 5 0.95 (d, M Hz.3H); 1.05 (d.« Hz,3H); 1.85 <dd I J =7 5 

It u Z f )l " (dd ' J,=7 H2 • J2 = ,^ m,3H, Ir 

(dd.J,-4 HZ.JJ.,, Hz,1H); 2.85 (dd,J,=7 Hz.J2.14 Hz,1H>; 3.15 (ddj,=6 

* H f 7 f ' h f H2 ' 1H,: 6 75 ^ 6 83 ™> V* 

T <ABq,J " 8 HJ ' 4H,; 93 <S ' ,H »- A P"*" «" """"tod to 
the d,hydrochlonde salt with excess ethanollc hydragen chloride and the 
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product was precipitated from ethanol with diethyl either to give a white 
hygroscopic solid. Calc. for C 2 2H 2 7BrN 2 0 2 HCI 0.5 H 2 0: C, 53.14; H, 6.08; 
N, 5.63;'total halogen calc. as CI, 21.39. Found: C, 53.23; H, 6.40; N, 5.50; 
total halogen calculated as CI, 21.04. 

The above compound could also be obtained by fractional 
crystallization from an isomer mixture that had been partially enriched in the 
desired isomer by chromatography on a short silica gel column with 1 :1 
dichloromethanerethyl acetate. Thus, a mixture (614 g) of (±)-3-((aR*)-a- 

((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-4-bromobenzyl)phenol (40%) 
and (±)-3-((aR*)-a-((2R*,5S , )-4-allyl-2.5-dimethyl-1 -piperazinyl)-4- 
bromobenzyl)phenol (60%) was dissolved in 1350 mL of isopropanol at 
reflux and allowed to cool to 35 °C. Filtration gave 149.4 g of (±)-3-((aR*)-a- 

((2R*,5S*)-4-allyl-2,5-dimethyM-piperazinyl)-4-bromobenzyl)phenol 
containing 3% of the other isomer. Additional crops gave 40.8 g of similar 
purity which was combined to give a total of 190.2 g and .recrystallized from 
1 200 mL of isopropanol to give 1 1 9.6 g of white crystals in >99% isomeric 
purity. 



EXAMPLE 3 

feWfgR>^((2S^5R;)-4-Allvl■2■5^imBth V |.1.ni p e r a^ in V n.■q.hvr^^nv y ■ 
benzvllhfin7hnitrjf ft 

A solution of (±)-3-((aR').a-((2S*,5R*)-4-allyl-2,5-dimethyl-1- 
piperazinyl)-4-bromobenzyl)phenol (Example 1) (32.6 g, 0.0786 mol) and 
cuprous cyanide (14.1 g, 0.157 mol) In 500 mL dimethylformamide was 
heated at reflux for three days under nitrogen. The reaction mixture was 
cooled to room temperature and then poured into a mixture of 2000 mL 30% 
sodium cyanide:1500 mL diethyl ether. The diethyl ether was washed with 
600 mL of water followed by brine. The solvent was removed to give 33.1 g 
of a brown oil that partially crystallized upon standing. The mixture was 
triturated with diethyl ether and filtered to give 14.6 g (51%) of (±)-4-((aR*)-a- 

((2S , t 5R*)-4-allyl-2,5-dimethyl-l-piperazinyl)-3-hydroxybenzyl)benzonitrile 
as a light brown solid. A small amount was recrystallized from ethyl acetate 
to give a white solid, mp 186-187°C. Calc. for C 2 7H 36 N 3 0: C, 76.42; H, 
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dfe . 6 0.95 (0. J.6 Hz, 3H); 1.08 (d. J=6 Hz, 3H); 1.77 (dd, J=8 Hz and 1 1 Hz. 
Hz a„d 1 « »• f ^ '°- 5 H2 ' 1H,i 2 - 49 - 2 ' 90 3 ' 8 ** *« 

3H). 7.15 (t, J.8 Hz, 1H); 7.6 and 7.8 (ABq, J=8 Hz, 4H); 9.4 (s 1H) 



EXAMPI F 4 



ben7 »» h »nrnmlrtn 



(±)-3-((aR>a-((2S-.5R-)-4.Ally|.2.5^im9thy|.1.plp e razinyl).4. - 

ert.bu.yfchlorod.methjrlsllane to give 0.36 g of a colorless oil which was then 
T« Mh °- bu ** m " m «MS «*- 0' 1-6 M solution in hexane) and carbon 
dM. as descrfbed In Example 6. Method B, to give 0.35 g o, a colorlHs 

„. T f*"*" 178 ,1 mmol) "*= added to a cold (0°C) solution 
o. the product tan, above (0.35 g, 0.70 mmol) in dlchloromethane. After Z 

aZ miX,Ur8 W8S dropWlM » «" »"«-"ran 

ammonrum hydroxide (1.5 mL), stirred for one hour at room temperature and 
dtoed wrth water and dicMoromethane. The organic layer was washed wtth 

ou^L T ° V8r 50d "' m SUlfa ' e and evaporated ' an<1 »• "as 
purified by preparative thin layer chromatography (silica gel 

dicMoromethane: ethanol: ammonium hydroxide / 90:10:1) to give 0 21 o 

2°' <t H - ((oR >°-« 2S ^ ^>^2,WmethyMje™ f, r? 
buty^methylsilyloxylbenzyDbenzamide as a yellow oil. NMR (CDCli^ 8 

L, 1 ,k : ,H): 2 - 95 (m ' 1H): 34 ""■ 1H >'' 52 <■"• 5.7*1 (m, 

2H). 6.0 (br s. 1H); 6.6 (s, 1H); 6.8 (s, 1H); 7.15 (t. 1H); 7.5 (d, 2H) ; 7.75 (d, 

The product from above (0.21 g. 0.43 mmol) was treated with 
tetraethylammonium fluoride hydrate (0.15 g, approximately 0.8 mmol) In 
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acetonitrile solution. The solvent was removed, the residue extracted 
betwe n chloroform and pH 8 buffer, and the chloroform layer was dried over 
sodium sulfate and evaporated. The crude product was converted to the 
monohydrochloride salt by titration to pH=4.5 with ethanolic hydrochloric 
acid, followed by precipitation with diethyl ether to give 97.4 mg (60%) of a 
white solid. Calculated for C23H29N3O2 HCI 0.5 H 2 0: C. 64.34; H. 7.65; N, 
9.38; CI, 7.91. Found: C, 64.44, H, 7.93; N. 9.30; CI. 7.94, mass spectrum 
(CI-CH4) m/z 380 (M+1, 100%), 153 (9%). 226 (10%). A portion of the crude 
product was purified by chromatography on silica gel with 
dichloromethane.ethanol (2-10%) to give a pale yellow foam. NMR (CDCI3): 
5 1.0 (d, J=6 Hz, 3H); 1.1 (d, J=6 Hz, 3H); 3.85 (m, 2H); 3.4 (m, 1H); 5.2 (m, 
3H); 5.9 (m, 1 H); 6.3 (br s, 2H); 6.6 (m, 3H); 7.1 (t, J=8 Hz, 1 H); 7.5 (d, J=9 Hz, 
2H);7.6(d,J=9Hz, 2H). 



EXAMPLE S 

fe)-4-((aR*)-a-((2S*.5R>4-Allvl-2.5-dirnpthi/l-1 . DiDe r a 7in V |Ua-h v rirov Y . 
benzvhhfln7nir; pfljff 

A solution of (±)-4-((aR*)-a-((2S*,5R*)-4-alfyl-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)benzonitrile (Example 3) (20.81 g, 0.0575 mol) 
and sodium hydroxide pellets (16.1 g, 0.402 mol) in 200 mL 95% ethanol 
was heated at reflux overnight. The solution was cooled to room 
temperature, the pH was adjusted to 6 with concentrated hydrochloric acid 
and the solvent was removed in vacuo. The resulting solid was triturated 
with methylene chloride and filtered to give 42.0 g of (±)-4-((aR*)-a- 

((2S*,5R*)-4-allyl-2,5-dimethy|.l-piperazinyl)-3-hydroxybenzyl)benzoic acid 
mixed with sodium chloride as a pale brown solid. The crude carboxylic acid 
(1.5 g) was stirred overnight in 40 mL of distilled water. The acid was 
collected by filtration and dried under vacuum at 55°C. The acid (0.47 g) was 
slurried in ethanol and titrated with 0.2M ethanolic hydrochloric acid to pH 
5.2. The solvent was removed and the resulting solid was again stirred 
overnight in distilled water. Filtration and drying gave 0.27 g of (±)-4-((aR*)- 

a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxy-benzyl)benzoic 
acid as a tan solid. Calc. for C23H28N2O3 1.5 H 2 0: C, 67.78; H, 7.67; N, 
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6.87. Found: C, 67.78; H, 7.38: N. 6.90. NMR (200 MHz, D 2 0/NaOD) 6 • 0 83 
1m ™^ ?- 98 ( u ** ^ 3H) '' 1 - 9 ' 2 - 1 (m ' 2H): «*• <* «. 5H); 5.1 
Hz, 1H);7.3and7.6(ABq,J=8Hz,4H). 




>R»l-4-, 

benzvn-N N-rtiPthvinpn^m^ 

Method ^ 



A solution of crude W^((aR> (fr ((2S^R-)^iy|.2;6Hllm«hy|.l. 
Example 1), ben 2 otr.azo|.i-yioxytris(dimethylamino)phosphonium hexa- 

SES^* 1 M 4 mmo,, • and die%,amine (3 - 7 i 35 » 

1 00 mL d,methylformam.de was stirred overnight at room temperature. The 

of 200 1 mL 1 M HCI and 200 mL diethyl ether. The pH of the aqueous layer 
was adjusted to 8 with 10 M sodium hydroxide and then ext Jed w^ 350 

Z L t T ^ eVaP ° rated ,eaVin9 3 59 ■ of a brow " «*. The oil 
^/Tou! "V"" 961 With ^ ace ^^xane to give 1.24 g 

(40/.) of (±.H-((aR-)-a.((2S-,5R-)-4-allyl-2.5.dimethyl-i- P ipera 2 in y i)-3 
hydroxy^ a whjte so|jd an(j o ?8 ^ *> 

sT; IX T CrySta " i2ed fr ° m aCet0nitrile t0 aive 055 9 (total yield 
r u l * Z m,d6 88 White needles - m P 170-1 71 -C. Calc for 
C27H 2 7N 3 0 2 : C, 74.45; H, 8.56; N, 9.65. Found: C, 74.29; H 8 59 N 9 70 
NMR (200 MHz, DMSO-d 6 > 5: 0.95 (d, J-6 Hz, 3H,; 'l, ^^^J. 
Hz, 1H); 2.05-2.14 (dd, J=10 Hz and J=11 Hz); 2.5-2.9 (br m 5HV 3 

(dd J br 8 m H 5H): /;°^ 1H,: 51 ^ ** 5 - 7 ' 5 - 9 *"H>; 6.7 (t;:.*^ 7 ,5 
(dd, J=8 Hz and J=8 Hz. 1 H); 7.3 and 7.4 (Abq, J=8 Hz, 4H); 9.35 (s. 1 H). 
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Method R 

(±)-3-((aR*)-a-((2S*,5R*)-4-Ally|.2.5-dimethyl-1-piperazinyl)-4- 
bromobenzyl)phenol (5.3 g. 12.8 mmol, Example 1) was dissolved in 25 mL 
of dimethylformamide with 2.72 g (18.0 mmol) of tert- 
butylchlorodimethylsilane and 2.05 g (30.0 mmol) of imidazole and stirred 
overnight at room temperature. The reaction solution was poured into 125 
mL of water and extracted with 1 25 mL of diethyl ether. The ether extract was 
washed with 75 mL of 0.1 M sodium hydroxide, 75 mL of water, and 25 mL of 
saturated sodium chloride solution. The ether solution was dried over 
sodium sulfate and the solvent was removed to give 7.4 g of oil which was 
purified by chromatography on silica gel with 1-4% ethanol in 
dichloromethane. Yield of (±)-(2R*,5S*)-1-allyl-4-(4-bromo-(aS*)-a-(3-(tert- 

butyldimethlysilyloxy)phenyl)benzyl)-2,5-dimethylpiperazine was 6.58 g of 
pale yellow oil. NMR (200 MHz, CDCI3): 8 0.15 (s,6H); 0.96 (s,9H); 0.97 
(d,J=6 Hz,3H); 1.15 (d,J=6 Hz,3H); 1.87 (dd, J 1= 9.5 Hz, J 2 = 10 Hz, 1H); 2.12 
(dd, J 1= 9.5 Hz, J 2 = 10.5 Hz, 1H); 2.35-2.65 (m,3H); 2.75-2.95 (m,2H); 3.36 
(dd, J 1= 6 Hz, J 2 = 14 Hz, 1H); 5.12 (s.TH); 5.15 (m,2H); 5.85 (m,1H); 6.59 
(S.1H); 6.75 (d,J=7.7 Hz,2H); 7.17 (t,J=7.7 Hz,1H); 7.31 and 7.39 (AB q,J=8.5 
Hz,4H). 

The silyl ether (6.55 g, 12.4 mmol) was dissolved in 60 mL of dry 
tetrahydrofuran and cooled to -78 °C under nitrogen. A solution of 1-35 M n- 
butyllithium in hexane (9.2 mL, 12.4 mmol) was added dropwise at a rate to 
maintain temperature below -70 °C. After the orange solution stirred an 
additional 30 min at low temperature, anhydrous carbon dioxide gas was 
introduced into the reaction solution at a rate to maintain temperature below 
-60 °C. Carbon dioxide addition was stopped when the reaction solution 
became a pale yellow. The reaction was allowed to warm to room 
temperature with stirring and the solvent was removed under vacuum. The 
residue was redissolved in 50 mL of toluene and the solvent again removed 
under vacuum in order to eliminate residual n-bromobutane. The reaction 
provided 6.2 g of the lithium salt of (±)-4-((aR*)-a-((2S*,5R*)-4-allyl-2,5- 
dimethyl-l-piperazinyl)-3-(tert-butyldlmethylsilyloxy)benzyl)benzoic acid. 
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Mass spectrum (FAB) m/e: 495 (m+1,45%), 455 (15%), 369 (15%) 341 
(100%),.297(20%),277(50%). 

The lithium benzoate salt (6.2 g, 1 2.4 mmol) was dissolved in 1 00 mL 
of dichloromethane and cooled to 0 °C. A solution of thionyl chloride (1 4 
mL, 19 mmol) in 50 mL of dichloromethane was added dropwise The 
reaction was stirred for 1.5 hours at 0 °C and a solution of diethylamine (8.1 
mL, 78 mmol) in 80 mL of dichloromethane was added dropwise. The 
reaction was allowed to warm to room temperature and stir overnight The 
react.on solution was washed with water and dried over sodium sulfate. After 
removal of solvent, the residue was purified by chromatography on silica gel 
with l-3/o ethanol in dichloromethane to give 2.15 g (32%) of (±)-4-((aR*)-a- 
((2S*,5R*)-4-allyl-2,5-dimethyl-1-pi P erazinyl)-3-(tert-butyldimethylsilyl- 
?nr^ 2 ? n « N ; diethy ' benZamide 38 3 9 umm y residue - NMR (300 MHz 

,h fu ou (S,6H): 0 95 (S,9H,: 0 97 (d ' J = 6 Hz ' 3H >: 112 (brm,3H); 1 18 
d,J=6 Hz,3H); 1.23 (br m,3H); 1.87 (dd, J 1=9 Hz. J 2 = 11 Hz, 1H); 2.12 (dd. 

J1«9 Hz, J 2 = 11 Hz. 1H); 2.45 (m.1H); 2.56 (dd. Ji=2.5 Hz. J 2 = 11 Hz 1HV 
2.58 (m,1H); 2.79 (dd, J 1=3 Hz. J 2 = n Hz. 1H); 2.85 (dd, J 1= 8 Hz, jL 14 
Hz, 1 H); 3.25 (br m,2H); 3.36 (dd, J^S.5 Hz. J 2 = 14 Hz. 1 H); 3.53 (br m,2H)- 
5.1-5^2 (m,3H); 5.85 <m,1H); 6.60 (s.1H); 6.74 (d.J=8 Hz,1H); 6.76 (d.J=8 
Hz,1H); 7.17 (t,J=8 Hz.1H); 7.28 and 7.46 (AB q.J=8 Hz,4H). 

The benzamide from above (2.15 g. 3.91 mmol) was dissolved in 40 
mL of acetonitrile with 0.88 g (6 mmol) of tetraethylammonium fluoride 
hydrate and stirred for 1 hour at room temperature. After evaporation of the 
solvent, the residue was redissolved in dichloromethane and washed with 
water (pH=8), then dried over sodium sulfate and the solvent removed to give 
1.67 g of gummy residue. The dihydrochloride salt was prepared by 
treatment with excess ethanolic hydrogen chloride followed by precipitation . 
w,th d.ethyl ether to give 1.45 g (72%) of (±H-((aR-)-a-((2S-.5R*)-4-allyl- 

2.5-d,methyl-l-pi P erazinyl)-3-hydroxybenzyl)-N.N-diethylben 2 amide 
dihydrochlonde as a hygroscopic white powder. Calc. for Co 7 H>> 7 N*Oo 
2HCI0.5H 2 O: C, 62.66; H, 7.79; N, 8.12; CI, 13.70. Found: C. 62 47; H 
7.91; N, 8.02; CI. 13.49. A portion was converted to the free amine by 
adjust.ng an aqueous solution to pH=8 and extracting with dichloromethane 
to give a spectral sample. NMR (300 MHz. CDCI 3 ): 6 1.00 (d.J=6 Hz 3H)- 
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1.12 (br m,3H); 1.16 (d,J=6 Hz,3H); 1.25 (br m,3H); 1.90 (dd, J 1= 9 Hz, J 2 = 11 
Hz, 1H); 2.14 (dd, J 1= 9 Hz, J 2 = 11 Hz, 1H); 2.45-2.7 (m,3H); 2.8-2.9 (m.2H); 
3.3 (br m,2H); 3.41 (dd, Hz, J 2 = 14 Hz. 1H); 3.55 (br m.2H); 5.18 (s,1H); 
5.14-5.23 (m,2H); 5.88 (m,1H); 6.58-6.64 (m,3H); 7.11 (t,J=7.8 Hz,1H); 7.28 
and 7.45 (AB q,J=8 Hz,4H). Mass spectrum (CI-CH 4 ) m/e: 436 (m+1,48%), 
284 (100%), 153 (57%). 



EXAMPLE 6a 

ft)-4-((aR)-ff-((2S.5R)-4-Allvl-2.5-dimftthvl.l-pio flra 7invn.a-hy d roxvben?vn. 
N.N-diethylhRnya^i^o 

The mother liquors from crystallization of the dibenzoyl-D-tartrate salt 
in Example 6b were evaporated to dryness. The residue was treated with 
excess 1N aqueous sodium hydroxide and then titrated to pH 8 with 6N 
hydrochloric acid. The precipitated amine (1.05 g, 2.4mmol) was mixed 
with a solution of (-)-dibenzoyl-L-tartaric acid (0.90 g, 2.4 mmol) in 30 mL of 
absolute ethanol and allowed to stand at room temperature for several days. 
The crystallized salt was treated with excess 1N aqueous sodium hydroxide 
and then titrated to pH 8 with 6N hydrochloric acid. The precipitated amine 
was purified by preparative thin layer chromatography (silica gel plates with 
dichloromethane:ethanol:ammonium hydroxide/90:10:1) to give 0.20 g (25% 
of theoretical for one enantiomer) of (+)-4-((aR)-a-((2S,5R)-4-allyl-2.5- 
dimethyl-1^piperazinyl)-3-hydroxybenzyl)-N,N-diethylbenzamide as a white 
solid. [a] D = +23.7° (methanol, c=1.9). HPLC on p-cyclodextrin with 
methanol:0.1M aqueous ammonium acetate/35:65 gave one peak at 
tR=18.5 min. Conversion to the monohydrochloride as in Example 6 gave 
0.198 g of a white solid. Calc for C 2 7H37N30 2 HCI 0.75 H 2 0: C, 66.79; H, 
8.20; N, 8.65; CI, 7.30. Found: C, 66.74; H, 8.18; N, 8.63; CI, 7.31 . 
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EXAMPLF fih 



The product of Example 6 (1.59 g as free amine, 3.6 mmol) was 
d,sso,ved in 45 mL of absolute ethano, with 1.37 g (3.6 mmol) of Z 
d-benzoyl-D-tartanc acid and allowed to stand at room temperature. The 
Z 2 crystalline saft was collected by filtration and recrystallized twice 

vl h T 6than0 '- Th8 Sa,t W3S tr6ated with IN sodium 

hydrox.de then titrated to P H 8 with 6N aqueous hydrochloric acid. The 

cZr T 6 ^ C0 " eCted by fiftrati ° n and purified on a sh °" — gel 
u 7«T P V C ° Umn With dichlor °™thane:ethanol 95:5 to give 0 33 a 
(41% .oft eorefca. for one enantiomer) of (- W («8^((8R«li^ 
d.methyM ^•P'Peraziny„-3-hydrox y benzyl,-N > N-diethylben Z amide as a tan 
sol.d. fa] D = -23.2° (methanol, c=2.1). Analytical HPLC on B-cyclodextrin 

r26 m rm!n O,:0 ' 1M aqU6 ° US amm ° niUm acetate/35 ^ gave one peak at 



EXAMPLF 7 



fa enzYjjbftnyonitrilo , w as prepared from the compound of Examole ? h„ th* 
method described in Example 3. mp 148-151 ^ Ca.c. t cXn 3 0 c 

MHz DMSO-d 6 ) 8: 0.9 (d, J=6 Hz. 3H); 1.0 (d. J=6 Hz. 3H); 1.8 (dd..J 1= 7 Hz 
2=11 Hz 1H); 2, (dd, ^ Hz, J 2= 11 Hz, 1H,; 2.4-2.8 (m, 4H, 2 85 (dd 
1-7 Hz, Jb14 Hz, 1H); 3, (dd, J 1s5 .5 Hz, J 2= 14 Hz, 1H>; 5.0 (s 1H,;5^5 

i ;t * 1H): 515 (d> J=17 HZ ' 1H >i 5 75 < m . 1 H): 6.55 (d. J=8 Hz 1HV 

4H) ^ 
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EXAMPLE 8 

r±)-4-((gR*)-ff-ff2R'.5S»)-4-Allv|.2 5-riim fl thvl. 1 . D i Pera 7in V h-a.hvrirnyy. 
benzvM-hflnynir arirj 

A solution of crude lithium 4-((aR*)-a-((2R*,5S*)-2,5-dimethyl-1- 
piperazinyl)-3-tert-butyldimethylsiloxybenzyl)benzoate (11.5 g, from 23 mmol 
of Example 2 by the procedure of Example 6, Method B) in tetrahydrofuran 
was treated with 6M aqueous hydrochloric acid at room temperature for 18 
hours. After dilution with water, the mixture was extracted with diethyl ether 
and the aqueous layer was adjusted to pH 8 with aqueous sodium hydroxide 
and extracted with dichloromethane. The aqueous layer was titrated to pH 6 
with concentrated hydrochloric acid and the precipitated solid was collected 
by filtration, washed with water and dried under vacuum (60 °C) to give 2.65 
g (30%) of (±)-4-((aR-)-a-((2R*,5S*)-4-allyl-2,5,dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)benzoic acid as an off-white powder. NMR (DMSO-d6) & 0-9 
(d, J=6 Hz, 3H); 1.05 (d, J=6 Hz, 3H); 1.8 (dd, J 1= r11 Hz, J 2 =7 Hz, 1H); 2.1 
(dd, J! =11 Hz, J 2 =7 Hz, 1H); 2.5 (m, 6H); 2,7 (d, J=11 Hz, 1H); 2.9 (dd. J 1= 7 
Hz, J 2 =14 Hz); 3.1 (dd, ^ =14 Hz, J 2 =5 Hz, 1H); 4.9-5.2 (m, 3H); 5.6-5.8 (m, 
1H); 6.5 (dd, J 1= 8 Hz, J 2 =2 Hz, 1H); 6.8 (m, 2H); 7.1 (t. J=8 Hz. 1H); 7.3 (m. 
1H); 7.4 (d, J=8 Hz, 2H); 7.9 (d, J=8 Hz, 2H). Calc. for C 23 H 28 N 2 0 3 1.25 
H 2 0: C. 68.55; H, 7.63; N, 6.95. Found: C, 68.61 ; H, 7.66; N, 7.02. Mass 
spectrum (CI-CH 4 ) : m/z 381 (M+1 , 44%), 1 53 (1 00%), 227 (1 7%). 



EXAMPLE 9 

(±)-3-((ffiRn-ff-(f2R\5S^-4-Allv|.g.5.riimP^ V l.1.ni p era7 in V hh fl n y vl\nh a n ft l 

A solution of (±)-3-((aR>a-((2R\5S>4-allyl-2,5-dimethyl-1- 
piperazinyl)-4-bromobenzyl)phenol (Example 2) (35.00 g, 0.0843 mol) in 400 
mL anhydrous tetrahydrofuran was cooled to -78 °C. n-Butyllithium (1.6 M in 
hexane, 126 mL, 0.20 mol) was added dropwise. The reaction was stirred for 
30 min. at -78 °C and then quenched with saturated ammonium chloride. 
After warming to room temperature, the reaction mixture was poured into 
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r^ts d r e:1000 ; L water The ethyi acetate i *y°< - 

with bnne and dned over sod,um sulfate. The solvent was removed to give 

T„! ,~ <S ' 1H,: 707 J=S H2 ' 1H ' : 7 **« «H); 9.3 (s. ,H> 

The free amme was dissolved In ethanol and convened to the 

chlonde. The salt was precipitated from ethanol with diethyl ether to oL 
'5.62 g as a „h„e solid. Calc. tor c 22 H 28 N 2 0 HC, 0.5 H 2 0: c 69 8 H 
7.92; N, 7.33; CI. 9.28. Found; C. 69.55; H. 8.03; N, 7.31 ; C. 9.27. 



EXAMPIE 10 



^"t'^T^'^'""^"^ ' 1 rirri 1 

6; ' 8& (d ' J=6 Hz < 3H 1 05 d, J=6 Hz, 3H)- 1 9 (dd 

69.27; H, 7.93, N, 7.30; CI, 9.17. 

EXAMPLF 

utenyll-fl .ft 

diethvth ftnrflm|ftTT 

H im o + H A » miXtUre ° f 4 - carb0x y be ^aldehyde (100 g, 0.66 mol), 1L of 
d.meth y iformam,de and 2L of dich.oromethane was cooled in an ice bath 
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Thionyl chloride (53 mL, 0.73 mol) was added dropwise while stirring. After 
18 hours at room temperature, the mixture was cooled again and 
diethylamine (275 ml_, 2.6 mol) was added dropwise. After stirring at room 
temperature for one hour the solvent was evaporated, and the residue was 
dissolved in aqueous 0.1 M sodium hydroxide and extracted with ethyl 
acetate. The organic layers were washed with water and brine, dried over 
sodium sulfate and evaporated to give a yellow oil. Chromatography on 
silica gel with dichloromethane: ethanol (0-2%) gave 44.2 g (32%) of 4- 
formyl-N.N-diethylbenzamide as a yellow oil. 

3-Bromophenoxy-tert-butyldimethylsilane (61.7 g, 0.21 mol), prepared 
as in Example 1, was dissolved in 500 mL of dry tetrahydrofuran under 
nitrogen and cooled to -78 °C. A solution of 1.6 M n-butyllithium in hexane 
(132 mL, 0.21 mol) was added dropwise at a rate to maintain the temperature 
below -70 °C. The reaction was stirred for thirty minutes after the addition 
was complete and the cold solution was transferred via cannula to another 
vessel containing a cold (-78 °C) solution of 4-formyl-N,N-diethylbenzamide 
(44.1 g, 0.21 mol), from above, in 500 mL of dry tetrahydrofuran under 
nitrogen. The transfer rate was monitored to maintain the temperature below 
-70 °C. After stirring for one hour at -78 °C, the reaction was quenched with 
saturated aqueous ammonium chloride, warmed to room temperature and 
diluted with diethyl ether. The ethereal layer was washed with water and 
brine, dried over sodium sulfate and evaporated to give a yellow oil. 
Chromatography on silica gel with dichloromethane: ethanol (0-1%) gave 
45.4 g (52%) of 4-(3-(tert-butyl dimethylsiiyloxy)-a-hydroxybenzyl)-N,N- 
diethylbenzamide as a white solid. 

Thionyl chloride (12 mL, 0.17 mol) was added to a solution of the 
benzhydryl alcohol from above (45.4 g, 0.11 mol) in 300 mL of 
dichloromethane. After stirring at. room temperature for one hour the solvent 
was evaporated, the residue was redissolved in toluene and again 
evaporated to drive off excess thionyl chloride. 

A mixture of the crude benzhydryl chloride (approximately 0.11 mol), 
cis-2,6-dimethylpiperazine (43.97 g, 0.39 mol) and 10 mL of toluene was 
heated to reflux under nitrogen for two hours. The reaction mixture was 
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partitioned between aqueous 1N hydrochloric acid and diethyl ether. The 
aqueous layer was adjusted to pH=8 with aqueous 5M sodium hydroxide 
and extracted with dichloromethane. The extracts were washed with water, 
dried over sodium sulfate and evaporated to give 36.96 g of a yellow glass. 

A mixture of the product (36.5 g, 72 mmol), 38.2 g (360 mmol) of 
anhydrous sodium carbonate, 9.8 g (74 mmol) of 1-bromo-2-butyne, 
prepared from 2-butyn-l-ol (L. Brandsma, "Preparative Acetylenic 
Chemistry," 2nd edition, Elsevier, 1988, p. 248), in 400 mL of dry 
tetrahydrofuran was heated to reflux under nitrogen for 48 hours. The 
solvent was evaporated and the residue was taken up in dichloromethane 
and filtered to remove inorganic salts. The filtrate was evaporated, the 
residue dissolved in acetonitrile and 21 g (approximately 0.11 mo'l) of 
tetraethylammonium fluoride hydrate was added. After stirring at room 
temperature for three hours, the solvent was removed and the residue was 
purified by chromatography on silica gel with dichloromethanerethanol (0- 
4%) to give 12.5 g (31%) of cis-4-(<x-(4-(2-butynyl)-3,5-dimethy|-1- 
pipera2inyl)-3-hydroxyben2yl)-N,N-diethylben2amide as a light yellow glass. 

The butynylamine from above (12.5 g, 28 mmol) was dissolved in 400 
mL of toluene with 7.9 g of Lindlar catalyst (Engelhard Industries) and 
reduced in an atmospheric hydrogenation apparatus with magnetic stirring. 
The reaction was complete in two . hours as determined by thin layer 
chromatography (dichloromethanerethanolammonium hydroxide / 90:10:1). 
The catalyst was removed by filtration through Celite and the filtrate was 
evaporated to give a brown solid. Chromatography on silica gel (Waters 
Prep 500 with dichloromethane:ethanol.1riethylamine / 100:0.5-2:0.1) gave 
5.47 g (43%) of cis-4-(a-(4-((2)-2-butenyl)-3,5-dimethyl-1-pipera2inyl)-3- 
hydroxybenzylJ-N.N-diethylbenzamide as a white solid. NMR (CDCI 3 ): 5 
0.9-1.3 (m, 12H); 1 .65 (m, 3H); 1 .8 (t, 2H); 2.6-2.9 (m, 7H); 3.2 (m, 4H); 3.5 (br 
m, 4H); 4.05 (s, 1H); 5.6 (m, 2H); 6.75 (m, 1H); 6.9 (m, 2H); 7.05 (t, 1H); 7.25 
(d, 2H); 7.4 (d, 2H). The product was dissolved in absolute ethanol and 
titrated to pH=4.5 with ethanolic hydrochloric acid. The solution was 
concentrated and diethyl ether was added to precipitate 4.36 g (82%) of the 
monohydrochloride salt. Calculated for C28H38N3O2 HCIH 2 0: C, 66.85: 
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H, 8.21; N, 8.35; CI, 7.05. Found: C, 66.79; H, 8.40; N, 8.36; CI, 7.00. Mass 
spectrum (CI-CH 4 ): m/z 450 (M+1 , 1 00%), 282 (9%), 1 67 (29%). 



EXAMPLE 12 

(t)-N . N-PiftthYH-f3-hYrirnxv-fffR)-a-ff2S.5S\-P4.54rim fl th V |.1.ninAr fl T}n^lU 
benzvhhftnTamirto 

A mixture of 15.65 g (36 mmol) of N,N-diethyl-4-(3-(t- 
butyldimethylsilyloxy)-a-chlorobenzyl)benzamide, prepared as described in 
Example 11, 7.22 g (65 mmol) of (+)-(2S,5S)-2,5-dimethylpiperazine, 
prepared from L-Ala-L-Ala-diketopiperazine (Bachem Chemicals, 
Philadelphia, PA) as described by Jung and Rohloff (,[. Cjg. Chem. 50, 4909- 
13 (1985)), and 3 mL of toluene was heated as in Example 1. The product 
was purified by chromatography on silica gel (Waters Prep. 500 with 
dichloromethane containing 1% ethanol and 0.1% triethylamine) to give 4.06 
g (22%) of N,N-diethyl-4-(3-(tert-butyldimethylsilyloxy)-a-((2S,5S).2,5- 
dimethyl-1-piperazinyl)benzyl)benzamide as a beige foam. 

A mixture of the benzhydrylpiperazine from above (4.06 g, 8.0 mmol), 
80 mL of dry tetrahydrofuran, 4.24 g (40 mmol) of anhydrous sodium 
carbonate and 1.56 g (8.4 mmol) of methyl tosylate was heated to reflux for 
40 hours. The solvent was evaporated. The residue was dissolved in 
dichloromethane and filtered to remove the inorganic salts. Evaporation of 
the filtrate gave 6.7 g of a brown oil. Chromatography on silica gel (Waters 
Prep 500 with dichloromethane containing 0.5% ethanol and 0.1% 
triethylamine) gave 1.17 g (28%) of N.N-diethyl-4-(3-(tert- 
butyldimethylsilyloxy)-(aR)-a-((2S,5S)-2,4,5-trimethyl-1-piperazinyl)benzyl)- 
benzamide as a yellow oil. The a-S isomer was also isolated (1.37 g, 33%). 

The ccR isomer from above (1.17 g, 2.2 mmol) was treated with 
tetraethylammonium fluoride as described in Example 1, to give 0.82 g (90%) 
of (+)-N,N-diethyl-4-(3-hydroxy-(aR)-a-((2S,5S)-2,4,5-trimethyl-1- 
piperazinyl)benzyl)benzamide as a beige solid. NMR (CDCI3): 5 0.95 (d, 
J=6 Hz, 3H); 1 .05 (d. J=7 Hz, 3H); 1.2 (br m, 6H); 2.05-2.6 (m, 5H); 2.2 (s. 3H); 
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2H1 7 \ u ( m ' 2H): 3 5 ^ m ' 2H): 4 4 (S ' 1H > : M 1H >-' " (m. 

to oh 4 £ In i 1H,: 7 (d ' J=8 HZ> 2H): 7 45 < d ' J = 8 H2 ' 2H >' nation 
to pH 4, m ethanol solution, with ethanolic hydrochloric acid followed by 

s T«f 0 H, With di ! thy ' eth6r 93Ve 028 9 (56% > °< the ^onohydrochloride 
salt as a whrte powder. Calc for C 25 H35N 3 0 2 HCI1.25 H 2 0: C, 64.09; H 

8.28- N, 8.97; CI, 7.57. Found: C, 64.12; H, 8.29; N, 8.92; CI, 7.65. [a] 2 , 0 - 
+22 • (absolute ethanol, 7 mg/mL). Relative stereochemistry was determined 
by x-ray crystallography (Molecular Structure Corp., College Station, Texas). 



EXAMPLE Iff 



benzvllh^n^mj^ 



127 ml^ P ?m m re d6SCribed Example 12 was ,ol,owed *rth 11.62 g 
(27 mmol) of N,N-diethyl-4-(3-(tert-butyldimethylsilyloxy)-a-chlorob d nzyl) 
benzamide prepared as in Example 11. and 9.42 g (82 mmol) of (-)-(2R,5R)- 
^ .methylp,perazine, prepared from D-A.a-D-Ala-diketopiperazine 
(Bachem Chelate, Phi.ade.phia, PA) as described by Jung and Rohloff (J. 
O g. Chem. 50, 4909-13 (1985)). The crude product was dissolved in 100 
mL o acetonitrile and 8.07 g (40 mmol) of tetraethylammonium fluoride 
hydrate was added. The solution was stirred at room temperature overnight 
The solvent was evaporated, and the residue was treated with 100 mL of 
aqueous 1 N hydrochloric acid and extracted with 200 mL of diethyl ether 

hydrox.de, and extracted with dichloromethane. The organic layers were 
combmed, dned over sodium sulfate, and evaporated to give 8.03 g (75%) of 
N.N-d.ethyM-O-hydroxy-a-MZR, 5R)-2,5-dimethyl-1-piperazinyl)benzy^ 
benzamide as a light brown solid. 

The benzhydrylpiperazine from above (4.11 g, 10.4 mmol) was 
combined with 1.6 mL (41.6 mmol) of 96% formic acid and 2.3 mL (31 2 
mmol) of 37% aqueous formaldehyde. The mixture was kept at 80 °C for 18 
hours, cooled to room temperature, treated with 6 mL of aqueous 6M 
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hydrochloric acid and extracted with diethyl ether. The aqueous layer was 
diluted with water and adjusted to pH=8 with aqueous 10N sodium 
hydroxide. The resulting slurry was extracted with dichloromethane. The 
combined organic layers were dried over sodium sulfate and evaporated to 
give 3.71 g of a beige solid. Chromatography on silica gel with 
dichloromethane:methanol (1 to 7%) gave 3.01 g (70%) of N,N-diethyl-4-(3- 
hydroxy-a-((2R f 5R)-2 I 4,5-trimethyl-1 -piperazinyl)benzyl)benzamide as a 
beige solid. 

The product from above (2.44 g, 5.9 mmol) was dissolved in 20 mL of 
dimethylformamide with tert-butylchlorodimethylsilane (1.33 g, 8.9 mmol) and 
imidazole and stirred at room temperature overnight. The reaction mixture 
was poured into cold water and extracted with diethyl ether. The combined 
ethereal layers were washed with water, dried over sodium sulfate and 
evaporated to give 2.99 g (96%) of a yellow oil. The two diastereomers of the 
product were separated by chromatography on silica gel with 
dichloromethanerethanol (0.5 to 1%). The less mobile isomer (R f =0.61 on 
silica gel with dichloromethane:ethanol:ammonium hydroxide / 90:10:1) was 
isolated to give 0.79 g (25%) of N,N-diethyl-4-(3-tert-butyldimethylsilyloxy)- 
(ccR)-a-((2R, 5R)-2,4,5-trimethyl-1-piperazinyl)benzyl)benzamide as a beige 
solid. NMR (CDCI 3 ): 5 0.1 5' (s, 6H); 0.95 (s, 9H); 0.9-1.3 (m, 12H); 2.0-2.3 
(m. 2H); 2.2 (s, 3H); 2.35-2.6 (m, 3H); 3.0 (m, 1H); 3.2 (br m, 2H); 3.5 (br m, 
2H); 4.45 (s. 1H); 6.65 (m, 1H); 6.9-7.05 (m, 2H); 7.1 (t, J=8 Hz, 1H); 7.3 (d, 
J=8Hz,2H);7.45(d.J=8,2H). 

The purified product (0.79 g, 1.51 mmol) was dissolved in 40 mL of 
acetonitrile with 0.45 g (2.26 mmol) of tetraethylammonium fluoride hydrate 
and stirred at room temperature overnight. The solvent was evaporated. The 
residue was dissolved in dichloromethane and washed with water adjusted 
to pH=8. After drying over sodium sulfate, the solvent was evaporated and 
the residue was dissolved in absolute ethanol. Titration of this solution to 
pH=4.4 with ethanolic hydrochloric acid, followed by precipitation with diethyl 
ether gave 0.61 g (87%) of (+)-N,N-diethyl-4-(3-hydroxy-(aR)-a-((2R,5R)- 
2,4,5-trimethyl-1-piperazinyl)benzyl)benzamide monohydrochloride as a 
beige powder. Calc for C25H35N3O2 HCI 0.75 H 2 0: C, 65.34; H, 8.23; N, 

9.14; CI, 7.71. Found: C. 65.18; H, 8.33; N, 8.94; CI, 7.52. Mass spectrum 
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(CI-CH4) m/z 410 (M + 1, 100o/o). Colg, 0 . + io.9 (absolute ethanol, c=19.7 
mg/mL). Stereochemistry of the benzhydryl carbon was assigned by 
companson to the diastereomer of Example 12 by TLC and NMR. 



EXAMPLE 1A 



2vn - N N - riio %lhf nrnmirlr 

( ± H-((«R*)-a-((2R*,5S*)-4-All y i-2,5-dimethyl-1- P iperazinyl)-3-hy- 
droxybenzyl)-N,N-diethylbenzamidewas prepared from the compound of 

STSASTr TnT,T deSCrib6d in Examp,e 6 ' Method A - *MR (200 
6HM8?d rf , 6 «u °; 9 < d - J = 6H2 - 3 H):1.1 (di J=6 Hz, 3H), 1.1-1.3 (br m, 

3.15 (dd, J 1= 5 Hz, J 2 =14.5 Hz, 1H), 3.1-3.6 (br m, 4H); 5.0 (s, 1H); 5.1 (d, 

T 7 \ u ' ^ 5 " 15 (d> J=t? H2> 1H,: 5 8 (m ' 1H > : 6 6 <* ^ H Z . 1H); 6.8 (d, 
J-7 5 Hz, 1H); 6.85 (s, 1H); 7.1 (t, J=8 Hz, 1H); 7.3 (s, 4H)- 9 3 Is 1H Cate 

^ C 27 H 37 N 3 0 2 HC. H 2 0: C, 66,7; H, 8.23; N, 8 57; a 7^3.' F^unS C 

66.00; H, 8.24; N, 8.57; CI, 7.20. 



EXAMP1F 1ff 



diethvlhPn^mjflft 



(±)-4-((aR*)-a-((2R-,5S-)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-hy- 
droxybenzyl)- N -N-diethy.benzamide (Exampte 14, (21.75 g, 0.0499 mo.) was 

n nToo L" mL m6,hanol:9 ° mL «*ter. Tnfluoroacetic acid (3.9 mL, 
0.0499 mol) was added, followed by 14.5 g of 5% palladium on carbon. The 
solut.cn was heated at reflux for three days and filtered through Celite. The 
solvent was removed, and the residue was purified by chromatography on 
silica gel with ethanol (0-20%) in dichloromethane containing 1% 
tnetnylam.ne. The solvent was removed, and the residue was redissolved in 
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dichloromethane and washed with water at pH 8. The organic layer was 
dried ov r sodium sulfate and concentrated to dryness. The resulting solid 
was triturated overnight in ethyl acetate. Filtration gave 9.09 g (46%) of (±)-4- 
((aR*)-a-((2R*. 5S>2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N,N- 
diethylbenzamide as a tan solid. Calc. for C24H33N3O2 0.5 H 2 0: C, 71.26; 
H, 8.47; N, 10.39. Found: C, 71.12; H, 8.47; N, 10.49. NMR (300 MHz, 
CDCI3): 5 0.9 (d. J=6 Hz, 3H),1.2 (d and brtr, 9H); 1.5 (t, J=10 Hz, 1H); 2.2 
(br m, 1H); 2.5 (m, 1H); 2.6 (d, J=9 Hz, 1H); 2.8 (m, 2H); 3.1-3.5 (br m, 5H); 5.3 
(s, 1H); 6.6 (d, J=8 Hz, 1H) 6.7 (d, J=8 Hz, 1H); 6.8 (s, 1H); 7.1 (t, J=8 Hz. 1H); 
7.2 and 7.3 (AB q, J=8 Hz, 4H), 9.0 (br s, 1 H). 



EXAMPLE 1fi 

I&±llaEk.<i-((2S. 5Fn-2 5-nim e thvl.l.nin 0 r aT in V ». 3 . hv ri rnwhon?y , VN ^ 
diethYfeenr^miflft mp 178-180 °C, was prepared from Example 6 by the 
methods described in Example 15. Calc. for C24H33N3O2: C, 72.87; H, 
8.41 ; N, 10.62. Found: C, 72.72; H, 8.41 ; N, 10.47. NMR (200 MHz, DMSO- 
d 6 ): 5 0.85 (d. J=6 Hz, 3H); 1.1 (d, J=6 Hz, 3H); 1.0-1.3 (br m, 6H); 1.5 (t, 
J=10 Hz, 1H); 2.3 (br m, 1H), 2.45-2.6 (m, 2H), 2.7-2.9 (m, 2H); 3.1-3.5 (br m, 
5H), 5.25 (s. 1H); 6.6 (s, 1H); 6.6 (d, J=8 Hz, 1H); 6.7 (d, J=8 Hz, 1H); 7.2 (t. 
J=8 Hz, 1 H); 7.3 and 7.4 (AB q, J=8 Hz, 4H); 9.2 (br s, 1 H). 



EXAMPLE 17 

(±)-3-f(ffR>cT-^f?S^5R»M-allvl■?^ 
bamovhbenzvnnhflnvi hon^f 

Benzoyl chloride (0.33 . 2.3 mmol) was added dropwise to a solution 
of (±)-4-((aR*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxy- 
benzyl)-N,N-diethylbenzamide (0.92 g, 2.1 mmol) (Example 6) and 
triethylamine (0.60 mL, 4.2 mmol) in 20 mL dichloromethane. The reaction 
mixture was stirred for 1 hour and then was washed twice with 20 mL of 
water, dried over sodium sulfate, and concentrated to dryness. The residue 
was purified by chromatography on silica gel with dichloromethane:ethanol 
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to give 0.92 g (74%, of W-3^(aR-,.«.((2S-.6R-,.4^ly|.2.6-dlmethy|.l. 

Sn? W^^^amoyObenzyOphenyl benzoate. NMR (300 MHz 
CDCI 3 ): 8 0.9 (d, 3H); 1.2 (d, br t. 9H); 1.9 ( t , J=1 1 Hz. 1H); 2.1 (dd, 1HN> 5* 
(br m ih); 2.6 (m. 2H); 2.8 (m, 2H); 3.2-3.6 (br m, 5H,; 5.2 (2d, 2H); 5.3 (s, 
1H ; 5.8 (m, 1H); 7-7.2 (2d, s. 3H); 7.3 (m, 3H); 7.5 (m, 4H); 7.6 (t, 1H), 8.2 (d. 



The benzoate was dissolved in ethanol and titrated with ethanolic 
hydrogen chloride to pH 4.3. The solution was evaporated to dryness. The 
monohydrochloride salt was precipitated from dichloromethane with diethyl 
ether and collected by filtration to give 0.79 g of the hydrated 
monohydrochloride saK as a white solid. Calc. for C 34 H 41 N3O3 HC. £0 
C 68.73; H, 7.46; N, 7.07; CI, 5.97. Found: C, 68.92; H, 7.44; N, 7.11; CI, 



EXAMPLE 1ft 



carbamnyl) D henyl honT^ 

(±)-3-((aR*).a-((2R*,5S*)-4-Allyl-2,5-dimethyl-l- pip erazinyl)-4- 
(d.ethy.-ca*amoy.)phenyl benzoate was prepared from the com P o9und of 

DMSO ! 4 s b n t iL e ^ eth0d deSCribed in Exam P ,e 17 - NMR (300 MHz 

Hz, 1H), 2.85 (dd. J 1s7 Hz. J 2 =15 Hz, 1H); 3.1-3.5 (br m, 5H), 5.1 (d. J-11 

IS 1 7 H ^ 5 C 1 f (S " 1H): 5,15 (d ' J=18 H2 ' 1H) ** (m> 1H > : 715 <* Hz, 
IH ; 7.3-7.5 (m, 7H), 7.6 (t, 7 Hz, 2H); 7.75 (t, J-7.5 Hz. 1H)- 8 1 d 7 Hz 2H> 

Calc. for C 3 4H 41N3 03 HC. 1.2 H 2 G: C, 68.31; H, 7. 49; n! ^03; CI 5 93 

Found: C, 68.30; H, 7.51 ; N, 6.96; CI, 5.95. 
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f±)-4-f(«R')-3-Acetoxv-a-ff?S*5RM-4. a llvi. ? .5-dimethvl-1.ni D era2in V hb a n. 
zvn-N.N-riiPthvlhenyflmir^ 

A solution of (+)-4-((aR-)-a-((2S',5R')-4-allyi-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)-N,N-diethylbenzamide (1.2 g, 2.8 mmol, 
Example 6), acetic anhydride (0.40 ml_, 4.2 mmol), and triethylamine (0.80 
ml_, 5.6 mmol) in 30 mL of dichloromethane was stirred overnight under 
nitrogen. The solution was washed twice with 15 mL of 5% sodium 
bicarbonate, dried over sodium sulfate and the solvent removed. The 
product was purified by chromotography on silica gel with ethyl acetate (30- 
100%) in dichloromethane to give 0.94 g (71%) of (±)-4-((aR*)-3-acetoxy-a- 

((2S*,5R*)-4-allyl-2,5-dimethyl-l-piperazinyl)benzyl)-N,N-diethylbenzamide 
as a white foam. NMR (200 MHz, DMSO-d 6 ): 5 0.9 (d, J=6 Hz, 3H); 1.1 (d, 
J=6 Hz, 3H); 1.0-1.2 (br m, 6H); 1.75 (dd, J-j=7.5 Hz, J 2 =12 Hz, 1H); 2.1 (dd! 
J1=8.5 Hz, J 2 =12.5 Hz, 1H); 2.2 (s, 3H); 2.4-2.6 (m, 3H); 2.7 (m, 1H); 2.8 (dd, 
Jl=7.5 Hz, J 2 =15 Hz, 1H); 3.1 (dd, J 1= 6 Hz, J 2 =14 Hz, 1H); 3.1-3.4 (br m, 
4H); 5.05 (d, J=15 Hz, 1H); 5.1 (s, 1H); 5.15 (d, 10 Hz, 1H); 5.8 (m, 1H) 7.0 (s. 
1H); 7.0 (d, J=8 Hz, 1H); 7.15 (d, J=8 Hz, 1H); 7.25 and 7.4 (ABq, J=8 Hz, 
4H); 7.4(t, J=8 Hz, 1 H). The amine was dissolved in ethanol and converted 
to the monohydrochloride salt by titration with ethanolrc hydrogen chloride. 
After the solvent was removed, the salt was dissolved in a minimal amount of 
dichloromethane and precipitated with diethyl ether. Filtration gave 0.50 g of 
the hygroscopic salt. Calc for 0^39^03 HCI H 2 0: C, 65.46; H, 7.97; N, 
7.90; CI, 6.66. Found: C, 65.43; H, 7.97; N, 8.00; CI, 6.79. 

EXAMPLE 20 

(fl-3-f(<*R«)-a-^rcs^5Rn-4-Al^vl-p^^ 

bamovnhftn7vhohftnvl riimothvlcarhamata 

(±)-3-((aR # )-a-((2S , ,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide (Example 6) (6.96 g, 0.016 mol) was 
dissolved in 150 mL of anhydrous tetrahydrofuran. A 50% oil dispersion of 
sodium hydride (1.15 g, 0.0240 mol) was slowly added to the solution. The 
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react™ was stirred for 15 minutes and dimethylcarbamyl chloride (1.62 mL 
0. 176 mol) was added slow.y . The reaction was stirred for 1 hour, poured 

ITJT " nd h 8XtraCted With dieth >" The diethyl ether extract was 

washed w,th bnne, dried over sodium sulfate, and concentrated to dryness 

[ O o/ Hn * I (8 " 34 ? W3? chromat °9raphed on silica gel with ethanol (0 - 
10 A) in d,chloromethane to give 8.10 g of (±)-3-((a R>a.{(2^5R>4-all y |- 

2,5.d,methy|.1-pipera2iny|.4-(diethylcarbamoyl)ben2yl)phenyl 
d.methylcarbamate as a yellow oil. NMR (300 MHz, CDCI 3 ): 8 0.95 (d 3H>- 

^1^? 18 ^ J1=9 J2=11 H2 ' 1H): " <* J £ * 
J2=11Hz, 1H); 2.4 (br m, 1H); 2.6 (br m, 2H); 2.8 (m, 2H); 3.0 (s, 3H); 3.1 (s, 

I ™ ( ^' C 2H>; 3,35 (<jd * 1H) ' 3 " 5 (br m " 2H): 51 J = 8 Hi. 1H); 5.15 (d, 

j i hz z ; h ?; 1 , H,: 58 (m - m 69 (s - 1H,: 7 -° (d - J = 8 Hz - 1H >= * 

was d ; h ( ' : 8 H2 ' 1H> ' 7 3 ^ 7 45 (AB q ' J=8 Hz " ^H). The amine 
was dissolved ,n ethanol and titrated to P H 3.8 with ethanolic hydrogen 
ch'onde. After evaporation of solvent, the salt was redissolved in 
dtchiorornethane and precipitated with diethyl ether to give 3 98 a of the 
hydrated monohydrochloride salt as a tan solid Gate. ZZZZ^HO 
H20: C, 64.21 ; H, 8.08; N, 9.98; C\, 6.32. Found: C. 64.46 K sfX^, 
CI, 6.43. 



EXAMPI F 9] 



bamovnhen7vi^hflny| rt j m f ThY | rrn rh nmr|Tn 

(±)-3-((aR*).a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1 -piperaziny|)-4- 
(d.ethylcar-bamoyl)benzyl)phenyl dimethylcarbamate was prepared from the 

by lhS meth ° d d6SCribed in Exam P'e 20. NMR 
(300 MH2 DMSO-d 6 ): 50.95 (d,J=6 Hz, 3H); 1.1 (d, J=6 Hz, 3H); 1.0-1.2^ 
m. 6H); 1.8 (m, 1H>; 2.1 (dd, J^Hz, J 2 =1 1 Hz, 1H); 2.4-2.6 (m, 3H), 2.7 (d, 

-8 1 5Hz 2^ £• 2,9 (s> 3H,: 30 (s> 3H,; 3 - 1 - 3 - 5 (br m - 5H * 5 ' 1 » 

J-8.5 Hz 1H); 5.1 (d, J=17.5 Hz, 1H); 5.2 (s, 1H); 5.8 (m. 1H); 6.9 (d, J=8 Hz 

£n£ ? O^rff f J=8HZ> 1H >: Wft J-8H,. 1H>;7.3 (s,4H . Calafor 
C30H42N4O3 HC1 1.5 H 2 0: C, 63.20; H, 8.13; N, 9.83; CI, 6.22. Found C 
63.09; H, 8.19; N, 9.78; CI, 6.27. ' ' 
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EXAMPIF ?? 

ttWfffR'HHfgR* SS«)-4-Allvl-g S.riim o!(lY |. 1 . R j r r rn7 j n v n 1 

(±)-3-((aR')-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1.piperazinyl)-4- 
(diethycarbamoyl)benzyl)phenyl pivalate was made from the compound of 
Example 14 and trimethylacetyl chloride by following the procedure 
described in Example 17. NMR (300 MHz, CDCI 3 ): 80.95 (d, J=6 Hz, 3H), 
1.15 (d, J=6 Hz, 3H); 1.1-1.3 (br m, 6H); 1.35 (s, 9H); 1.9 (m, 1H); 2.1 (dd, 
J1=9 Hz, J 2 =11 Hz, 1H); 2.45 (m, 1H); 2.6 (m, 2H); 2.8 (m, 2H); 3.35 (dd, 
J!=7 Hz. J 2 =14 Hz, 1H); 3.2-3.6 (br m, 4H), 5.1 (d, J=8 Hz, 1H); 5.15 (d, 
J=15.5 Hz, 1'H); 5.2 (s, 1H); 6.8 (s, 1H); 6.95 (d, J=8 Hz, 1H); 7.0 (d, J=8 Hz, 
1H); 7.3 (t, J=8 Hz, 1H); 7.3 and 7.45 (AB q, J=8 Hz, 4H). Calc. .for 
C32H45N3O3 HCI 0.5 H 2 0: C, 68.00; H, 8.38; N, 7.43; CI. 6.27. Found: C, 
67.88; H, 8.38; N, 7.42; CI, 6.33. 

EXAMPLE 93 

N-f4-((aR*)-a.((2R^5Sn-4-Allvl-2■5-d■•mPthvl■1- p j r ^ ra^ ,•nvh-■q■h u rf^ ^■ 
benzvnben7nvh-L-nhPnvi fl iq pv |.L.| B „ ri n ft 

A solution of carbobenzyloxy-L-phenylalanine (5.00 g, 16.7 mmol), L- 
leucine-tert-butylester hydrochloride (3.74 g, 16.7 mmol), benzotriazoM- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate (7.39 g, 16.7 
mmol) and triethylamine (4.66 ml_, 33.4 mmol) in 250 mL acetonitrile was 
stirred for 1.5 hr. The reaction mixture was taken up in 750 mL ethyl acetate 
and washed sequentially with 500 mL of 5% citric add, 500 mL of saturated 
sodium bicarbonate, and 250 mL brine. The organic layer was dried over 
sodium sulfate, and the solvent was removed. The crude material was 
purified by chromatography on silica gel with hexane:ethyl acetate yielding 
6.52 g of tert-butyl N-((benzyloxy)carbonyl)-L-phenylalanyl-L-leucinate as a 
white crystalline solid. 
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with iwVlT? ProtSCted diPePtide (0 5 ° 9 ' 1 - 1 mmol > was 

with 10/0 pallad.um on carbon (.10 g), in 100 mL methanol and reduced 

under hydrogen on a Parr hydrogenator for 3 hrs. The mixture was filter d 
and concentrated to dryness to give 0.35 g (9 8 o/ o) 0 f tert-butyl-L- 
phenylalanyl-L-leucinate • 

The crude lithium salt of (±)-4-((aR*)-a-((2R*,5S*)-4.all y |.2,5-dimethy|. 
1-p.pera2in y l)-3-(tert-butyldimethylsilyloxy)benzyl)benzoic acid (0 52 g 1 0 
mmol) (Example 8, infra) was converted to the free acid with ethanol'ic 
hydrogen chloride. After removal of solvent, the carboxylic acid was 
combmed with the tert-butyl-L-phenylalanyl-L-leucinate, benzotriazol-1- 
yloxytns(dimethylamino)phosphonium hexafluorophosphate (0 47 g 10 
mmol), and triethylamine (0.16 mL, 1.0 mmol) in 20 mL acetonrtriie. Alter 2 
hrs the reaction mixture was taken up in 20 mL ethyl acetate, washed twice 
w.th 20 mL saturated sodium bicarbonate, and filtered. The organic layer 
was dned over sodium sulfate and concentrated to dryness. The residue 

72ToL by n ^r at ° 9raPhy 0n Sl "' Ca 961 With dich.oromethane:ethano. 
to g,ve 0.45 g (53%) of tert-butyl N.(4.<(aR>a-((2R-,5S').4-ailyl-2 5- 

d.methyM.piperazinyl)-3.((tert-butyldimethylsilyl)oxy)benzyl)benzoyl).L- ' 
phenylalanyl-L-leucinate as a white solid. 

A portion of the benzhydrylpiperazlne from above (0.36 g, 0.44 mmol) 
was st,rred with tetraethylammonium fluoride hydrate (0.12 g, 0.67 mmo«) In 

HL h ? 1 ^ ^ S0,V8nt W3S removed and the 

Z7l I8O0 T^T°?T V ° n S,,iCa With d ^»oromethane:ethano. to 
g.ve 0.180 g (58%) of tert-butyl N.(4.((aR-).a.((2R-,5S*)-4-allyl-2 l5 -dimethy|. 

A Porton of the tert-butyl ester (0.17 g, 0.25 mmol) was stirred for 1 hr 
m 10 mL tnfluoroacetic acid. The solvent was removed and the resulting 
sol,d was dned under high vacuum to give 0.190 g (86%) of N-(4-((aR-)-a- 

((2R*,5S-)-4-allyl-2,5-dimethyl-l-piperazinyl)-3-hydroxybenzyl)benzoyl)-L- 
phenylalanyl-L-leucine as the tnfluoroacetic acid salt. Calc for 
C38H48N4O5 2 C 2 HF 3 0 2 H 2 0: C. 56.88; N, 5.91; N, 6.32. Found' C 
57.15; H, 5.80; N, 6.23. ' ' 
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EXAMPLE 24 

benzyHbenzovn-l -nhPnyl glanvl-L-IPncinP 

N-(4-((aR*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)benzoyl)-L-phenylalanyl-L-leucine was prepared from (±)-3- 
((aR*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-4- 
bromobenzyl)phenol (Example 1) by the methods described in Example 23. 
NMR(300MHz,DMSO-d6): 5 0.85 (d,J=6Hz,3H); 0.92 (d,J=6Hz,3H); 1.05 
(d,J=6Hz,1H); 1.17(d,J=6Hz,2H); 1.24 (d,J=6Hz,2H); 1.39 (d,J=6Hz.1H); 1.5- 
2.4(m,4H); 2.55-3.15 (m,5H); 3.2-4.0 (m,3H): 4.1-4.8 (m,3H); 5.4-6.0 (m,4H); 
6.5-8.5 (m,13H). Calc. for C38H48N4O5 2.7 C2HF3O2: C.54.95; H.5.39; 
N.5.91. Found: C.54.70; H.5.62; N.5.76. 

EXAMPLE 25 

f±)-N-f4'(faRn-a-(f2S\5R^.4.AII V l-gs.riimpthui. i . D i 0era 7mvl\.a.h^rn^ 
bengvhhpnyovnnlvni/lply^jrta 

N-Carbobenzyloxy-glycine (2.1 g, 10 mmol) and glycine-tert-butyl 
ester (1.3 g, 10 mmol) were coupled using benzotriazol-1- 
yloxytris(dimethylamino) phosphonium hexafluorophosphate (4.4 g, 10 
mmol) and triethylamine (1.5 g, 15 mmol) in acetonitrile following the method 
described in Example 23 to give 2.5 g(79%) of N-carbobenzyloxy- 
glycylglycine-tert-butyl ester after chromatography on silica gel. 

The carbobenzyloxy group was removed from the dipeptide (1.0 g, 3.1 
mmol) using palladium on carbon as described in Example 23 to give the 
glycylglycine-tert-butyl ester (0.57 g, 3.0 mmol, 99%). 

The dipeptide (0.41 g, 2.1 mmol) was coupled with the lithium salt of 
(±)-4-((aR*)-o-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxbenzyl)benzoic acid (1.1 g, 2.1 mmol) from Example 6, Method B, and 
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the tert-butyl ester and silylether were removed by the methods described in 
Example 23 to give 0.64 g (34%, of (±)-N-(4-((aR>„- ({2 S*,5R> 4 !aTl " ^ 5- 

d|methyl-l ; pipera2inyl,-3-tert-butyldimethyl S ii y ioxy)ben 2 yl)benzoyl)- 
glycylglycme as the trifluoroacetate salt. Calc for C 27 H^N 4 0c 3 5 
CF3COOH: C.45.70, H, 4.23; N, 6.27. Found: C, 45.55; H^of* S 

Sma " am0unt was averted to the free amine for NMR analvsis 
(3 °° MH2 ' DM SO-d 6) : 5 0.95 (d, J=6Hz, 3H); 1.05 (d J^z 3H, 1 9 

! m •?« 2 1 (dd ; J ; 65 Hz and J=1 ° H2, 1 H): 2A - 2J < m - 3H > ; 27 «* j =<° 

1 3 \h x £ :l^ Z 3nd J=10H2, 1H,: 315 (dd ' Jss4Hz and J = 13 5 Hz - 1 H); 
rd ^uf >: 38 (d ' J=5H2 ' 2H): 50 (s ' 1H): 51 J = 10 1H); 5.15 

H , 7.25 (br t. J=3Hz. 1 H); 7.45 and 7.8 (ABq, J=8Hz. 4H); 8.8 (br t, J=5Hz 



EXAMPLF 9ft 

methvDhftnrvn-iM M.ri.o thY | fTfnrnmir|n 

A mixture of 3-bromobenzyl alcohol (15.0 g, 80 mmol) tert- 

S £1» d ^ ,,ormamide was stirred at room temperature overnight 
the T ^ P ° Ured int ° ^ Wat6r ' extracted wi * ^thyl ether, 

ZoorZ S Thf Wat9r ^ brine ' dri6d ° V6r SOdium su " ata a " d 

Th hi" ! ♦ reSUrtm9 °" WaS PUnfied by ^tography on si.ica gel 

:ZT^ZT 7 9 (70%) of *- bromobenz » 

in Ex^ITi? W,th ?! Sily ' 6ther fr ° m *™ (23 ' 72 9 " 56 mmol >' the m «thod 
4-fraT n 2? ° Wed ' USin9 trans - 2 - 5 - d ^ethy lp iperazine, to give (±)- 
4 (oR or S)-a-(trans-2.5-dimethyl-l-pi pera zinyl).3-((tert- 
buty d l phenylsil y iox y )methyl,benzy.,-N 1 N-diethylbenzamide as a mixture of 
d.astereomers. Chromatography on silica gel (Waters Prep 500 with 

d.chloromethane:ethanol^riethylamine/100:1-1.5:0.1) gave 3.21 g (26% from 
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benzhydryl chloride) of the more mobile isomer (R f =0.39 on silica gel with 
dichloromethane:methanol:ammonium hydroxide/90:10:1) which was treated 
with allyl bromide as in Example 1 to give 3.15 g (92%) of (±)-4-((aR* or S*)- 
a-((2R*,5S*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-((tert- 

butyldiphenylsilyloxy)methyl)benzyl-N,N-diethylbenzamide as a light yellow 
glass. 

The product from above (3.15 g, 4.6 mmol) was treated with 
tetraethylammonium fluoride hydrate (1.4 g, 9.2 mmol) in acetonitrile solution 
for 1 hr at room temperature. Chromatography of the crude product on silica 
gel with dichloromethane methanol (90:10) gave 1.91 g (92%) of (±)-4-((aR* 

or S*)-a-(trans-4-allyl-2,5-dimethyl-1-piperazinyl)-3-(hydroxymethyl)benzyl)- 
N,N-diethylbenzamide as an off-white solid. NMR (CDCI3): 5 1.0 (d, J=6 Hz, 
3H); 1.2 (d, J=6 Hz and br m, 9H); 1.8 (br s, 2H); 2.15 (t, J=9 Hz, 1H); 2.5 (m, 
3H); 2.8 (m, 2H); 3.2-3.7 (br m, 5H); 4.6 (s, 2H); 5.1-5.3 (m, 3H); 5.8 (m, 1H); 
7.1-7.5 (m, 8H). A solution of the product (0.50 g. 1.1 mmol) in absolute 
ethanol was titrated to pH 4.5 with ethanolic hydrochloric acid, concentrated 
and treated with diethyl ether to precipitate 0.43 g (80%) of the 
monohydrochloride salt. Calc. for C28H39N3O2 HCI 0.5 H 2 0: C. 67.93; H, 
8.35; N, 8.49; CI, 7.16. Found: C, 68.02; H, 8.38; N, 8.48; CI. 7.10. Mass 
spectrum (CI-CH4): m/z 450 (M+1 , 1 00%), 432 (39%). 

EXAMPLE 97 

(±)-^(fffR>fX'(fRS'.5RM-4-AIM-P.5-riimPth v |.i.p i p Qm7 j nY | V a . 
MrQyv^n7Yl)-N-f?-f(?.a m inn-?-o XQ ^hv» a min^). 2 . OXO pth v nhon yfi rn j T<? 

A solution of crude (±)-4-((aR>a-((2S%5R>4-allyl-2,5-dimethyl-1- 
piperazinyi)-3-hydroxybenzyl)benzoic acid (2.5 g, 3.4 mmol, Example 5), 
glycine-glycine amide hydrochloride (Sigma Chemical Co.) (1.0 g, 6.0 
mmol), triethylamine (3.3 mL, 26 mmol), and benzotriazol-1- 
yloxytris(dimethylamind)phosphonium hexafluorophosphate (5.8 g, 13 mmol) 
in 100 mL dimethylformamide was stirred overnight under nitrogen. The 
reaction was poured into 450 mL aqueous sodium bicarbonate and extracted 
with 500 mL ethyl acetate. The ethyl acetate extract was washed with 350 
mL water followed by 50 mL brine and dried over sodium sulfate. The 
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cht e m m t WaS I em ° Ved t0 9iVe °- 8 ° 9 ° f an 0il which ™* Purified by 
chromatography on silica gei with ethanol (5-20%) in dichloromethane to 
9 .ve 0.20 g (12%, of (±)-4- ( (a R >a - ( (2S', Sni^yl-zlT^Vu 

pjper^,nyl).3-hydr 0 xyben 2 yl)-N-(2-((2-amino-2-oxoethyl)amino)-2- 
oxoethyObenzamide as a white foam. NMR (300 MHz, CDCI 3 )- 5 0 9-1 2 (br 

m. 6H); 1 .8 (br m, 1 H); 2.1 (br m, 1H); 2.5-3.0 (br m, 5H); 3.2 (br m, 1H) 3.6 (d, 
J=6 Hz, 2H); 3.9 (d, J=6 Hz, 2H); 4.9-5.3 (br m, 3H), 5.8 (m, 1H); 6.7 (m, 3H) 
7.2 (m 3H); 7.5 and 7.8 (ABq, J=8 Hz, 4H); 8.15 (t. J=5.8 Hz, 1H); 8.75 (t' 
J=5.8Hz,1H);9.4(s,1H). 

The amine was converted to the monohydrochloride salt by dissolving 
■n ethanol and titrating to pH 3.5 with ethanolic hydrogen chloride. The saU 
was preapitated with diethyl ether to give 0.083 g of the hygroscopic salt as a 
wh,te foam: Calc. for C 27 H 35 N 5 0 4 HCI 0.5 C 2 H 5 OH H 2 0: C 58 89 H 
7-24; N, 12.26; CI. 6.21. Found: C. 58.88; H, 7.08; N, 12.02; CI, 5.93. 

EXAMPLF ?ft 

methvl)bftn7vn-NKi.rii rfhY | hf , nrnm j r1n 

The less mobile isomer ( Rf=0 .35 on silica gel with 
d,chloromethane:methano.: ammonium hydroxide/90:10:1; 3.70 g, 30%) of 
(±H-((aR- or S>a-(trans-2,5-dime^^^ 

s^ox y )methy.)benzy.).N,N-diethylbenzamide (3.70. 5.7 mmol), from 
Example 26. was treated with ally, bromide as in Example 1. The product 

n Ex/ml ^T 0 W3S With tetrae thylammonium fluoride hydrate as 

m Example 26 to g.ve 2.20 g (9 0 o/ o ) of (±)-4-((aR- or S-)-a-(trans-4-allyl-2 5 ! 

djmethyM-piperazinyl)-3-(hydroxymethyl)benzyl)-N^ 
an o^w -te so, ld . NMR (CDCI3): 6 1.0 (d, J=7 Hz, 3H); 1.2 (d" J=7 Hz and br 
m, 9H); 1.7 (br s. 1H); 1.8 (dd, J 1= 14, J 2 =8 Hz 1H); 2.15 (dd. J 1= 14, J 2 =8 Hz 

3h > : 2 - 7 * 2 - 95 (m> 2h): ^ ^ «•» ^ ^ 

(m, 3H); 5.8 (m, 1H); 7.15-7.4 (m, 8H). The product (0.50 g, 1.1 mmol) was 

f£7S VZ?° m ° noh y d l roch,oride salt as in Example 26 to give 0.39 g 
(72 /o) of a be.ge sol.d. Calc. for C 28 H 39 N 3 0 2 HCI 0.75 H 2 0: C, 67 31- H 
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8.37; N, 8.41; CI. 7.10. Found: C, 67.60; H, 8.36; N, 8.46; CI, 7.16. Mass 
spectrum (CI-CH 4 ): m/z 450 (M+1 . 1 00%). 432 (36%). 

EXAMPLE 29 

f±M-(f«R' Or S*)-rt-ftrans.4-Allvl-g S-riimBth V |.1-ninftr a 7in y n.2,4-riiflnnrn-3. 
hvdroxvbenzvn-NN-riiflthy ibenzamirifi 

2,6-Difluorophenol (8.6 g. 66 mmol) was treated with tert- 
butylchlorodimethylsilane (17.4 g. 0.12 mol) and imidazole (13.1 g. 0.19 mol) 
by the method in Example 1 to give 13.41 g (83%) of tert-butyldimethylsilyl 
2,6-difluorophenyl ether. 

A solution of the silyl ether (10.23 g, 42 mmol) in 80 mL of dry 
tetrahydrofuran was cooled to -70 °C under nitrogen and sec-butyllithium 
(38.2 mL of 1.1 M solution in cyclohexane) was added at a rate to maintain 
the temperature below -60 °C. After two hours, the cold (-70 °C) solution was 
added via cannula under nitrogen to a cold (-70 °C) solution of 4-formyl-N,N- 
diethylbenzamide, prepared as in Example 11, in 100 mL of dry 
tetrahydrofuran at a rate to maintain the temperature below -70 °C. After 30 
minutes, the reaction mixture was warmed to room temperature, quenched 
with saturated aqueous ammonium chloride and diluted with diethyl ether. 
The organic layer was washed with water and brine, dried over sodium 
sulfate and evaporated to give a yellow oil. Purification by. chromatography 
on silica gel (Waters Prep 500, dichloromethanerethanoi/ 100:0.75) gave 
10.45 g (55%) of 4-(3-(tert-butyldimethylsilyloxy)-2,4-difluoro-a- 
hydroxybenzyl)-N,N-diethylbenzamide as a clear gum. 

Using the methods in Example 1, the fluorinated benzhydryl alcohol 
(10.45 g, 23.0 mmol) was treated successively with thionyl chloride and 
trans-2,5-dimethylpiperazine. The silyl protecting group was cleaved in the 
course of the reaction sequence. 

The two diastereomers of (±)-4-((aR* or S*)-a-(trans-2,5-dimethyl-1- 
piperazinyl)-2,4-difluoro-3-hydroxybenzyl)-N,N-diethytbenzamide were 
isolated by chromatography on silica gel (Waters Prep 500 with 
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dichloromethane:ethanol.1riethylamine/100:0.5-1.5:0.1). The more mobile 
isomer gave 2.08 g (17% from benzhydryl alcohol) of an off-white solid. 

A mixture of the more mobile isomer from above (1 .57 g, 3.6 mmol), 25 
mL of d ime thy^ormamide and 0.32 mL (3.7 mmol) of allyl bromide was 
heated to 50 °C under nitrogen for 18 hours. The solvent was removed 

IT! ^T"? reSidUe WaS PUri,i6d by ^tography on silica gel 
with 1-4/o methanol m dichloromethane to give 0.68 g (40%) of (±)-4.(( a R* or 

S )-a-(trans-4-aliyl-2,5-dimethyM -piperazinyl)-2,4-difluoro-3- 

hydroxyben 2 yl)- Nl N-dieth y iben2amide as a beige resin. NMR (CDCI 3 )- 5 

1.0-1.3 (m. 12H); 2 (brt, J-10 Hz, 1H); 2.2 (brt, J=10 Hz, 1H); 2.4-2.7 (m, 3H)- 

^« 3 f?J <* 5H); 5.2-5.3 (m, 2H); 5.7 (s 1H); 5.9-6 1 (m' 
1H), 6.25 (dd, J 1= 22 Hz, J 2=9 Hz, 1H); 6.75 (t, J=9 Hz, 1H); 7.3 (d, J=8 Hz 

Zied'jnR;? 2, T 1 A S0 ' Uti0n °' the Pr ° dUCt in abso,ute etha "°' was 

1 h 1 k 6than0,iC hydr ° Ch,0riC aCid ' crated and treated 

w th diethyl e her to precipitate 0.56 g (770/.) of lne monohydn)cl||oi|de sg|t 

as a be-ge sol,d. Calc. for C 27 H35F 2 N 3 0 2 HC. 1.5 H 2 0: c" 60.61™ * 35 

SkS;^^ 60 45: H> ? - 33: N ' 7 82: C '' 6 ' 69 - M ass spectrum 

(CI-CH 4 ) m/z 472 (M + 1 , 49%), 318 (19%), 153 (100%). 



EXAMPLE 30 



hYdrQyvhfln7vn-NM.rii < >t >TY | hfn7nm j r1r 

The less mobile isomer of (±)-4-((aR- or S>a-(trans-2,5-dimethyl-1 - 

Example 29, (2.72 g, 5.0 mmol) was suspended in 40 mL of 
dimethylformamide. Ally, bromide (0.44 mL, 5.1 mmol) was added and the 

r«r7 a ? eated t0 50 °° Und6r nitr096n ,0r 18 hours " Th ° **vent was 
removed under vacuum and the residue purified by chromatography on silica 
ge w,th 1-10% methanol in dichloromethane to give 0.56 g of 5X£?S 

S)-a-(trans-4-allyl-2,5-dimethyl-1-piperazinyl)-3-allyloxy-2,4-difluoro- 
benzyl)-N,N-dlethylbenzamide as a yellow oil. 
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A mixture of the diallylated product from above (0.40 g, 0.78 mmol), 
0.16 g of 5% palladium on carbon and 15 mg (0.078 mmol) of p- 
toluenesulfonic acid in 20 mL of methanol was heated to reflux under 
nitrogen for 18 hours. After filtering through Celite, the solvent was 
evaporated and the residue purified by chromatography on silica gel with 1- 
5% methanol in dichloromethane to give 0.10 g (27%) of (±)-4-((aR* or S*)- 
a-(trans-4-allyl-2 l 5-dimethyl-1-piperazinyl)-2,4-difluoro-3-hydroxybenzyl)- 
N,N-diethylbenzamide as a colorless glass. NMR (CDCI3): 5 1 -1 .3 (m, 12H); 
2.0 and 2.2 (dd, J 1= 10 Hz, J 2 =6 Hz. 2H); 2.6 (m, 2H); 2.8 (m, 2H); 2.95 (m, 
1H); 3.2 and 3.5 (br m, 5H); 5.15 (m, 3H); 5.7 (br s. 1H); 5.85 (m, 1H); 6.8 (t, 
J=9 Hz, 1 H); 7.0 (quartet, J=8 Hz, 1H); 7.25 (m, 4H). A solution of the product 
in absolute ethanol was titrated to pH 3.5 with ethanolic hydrochloric acid, 
concentrated and treated with diethyl ether to precipitate 72 mg (65%) of the 
monohydrochloride salt as a beige solid. Calc. for C27H35N3O2 HCI 1.75 
H 2 0: C, 60.10; H, 7.05; N, 7.78; CI, 6.57. Found: C, 60.07; H, 7.37; N, 7.76; 
CI, 6.63. Mass spectrum (CI-CH4): m/z 472 (M+1, 100%). 471 (M, 9%), 318 
(15%), 153 (35%). 



EXAMPLE 31 

fe)-4-(a-(tranp-4-Allvl-2.5-dimeth V |.1-nin fl r ay ; n vl).2.fluor 0 .S.h v droxvb e n7vlU 
N.N-dtethvlhPnyfl m ftlff 

tert-Butyldimethylsilyl 2-fluorophenyl ether (2.73 g, 12 mmol), 
prepared from 2-fluorophenol by the method in Example 1, was treated with 
sec-butyllithium (11 mL of 1.1 M solution in cyclohexane) and 4-formyl-N,N- 
diethylbenzamide, (2.46 g, 12 mmol) from Example 11, by the procedure 
described in Example 29. Chromatography on silica gel with 1% methanol in 
dichloromethane gave 1.77 g (34%) of 4-(5-(tert-butyldimethylsilyloxy)-2- 
fluoro-a-hydroxybenzyl)-N,N-diethylbenzamide as a yellow oil that 
crystallized on standing. 

The benzhydrol from above (1.77 g, 4.1 mmol) was treated with thionyl 
chloride (0.45 mL, 6.2 mmol) by the method in Example 1. The crude product 
(approximately 4.1 mmol) was treated with trans-2,5-dimethylpiperazine 
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0.64 g 14.3 mmol) as in Example 1. Chromatography on silica gel with 1- 
cL^T™ L d ' C / hloromethane Save 0.44 g (20% from benzhydryl 
chlor.de) of (±)-4-(a-(trans- 2 ,5-dimethyi.i. p i pera ziny.)-5-(tert. 
butyldimethylsilyloxy)-2-fluoroben 2 yl)-N,N-diethylben 2 amide as a yellow oil. 

The benzhydrylpiperazine from above (0.44 g, 0.83 mmol) was treated 
w.th a„ y , bromide ( 074 mL Q 85 mmo|) anhydrous sQdjum carbonate 

(0-44 g, 4.2 mmol) as In Example 1. The product was purified by preparative 
thin layer chromatography (silica gel with 

^ro?^T; m9than ° ,:amm0niUm h »*oxW^0--10:1) to give 0.37 g 
(78/o) of (±)-4-(a-(trans-4-allyl-2,5-dimethyl-1- P iperazinyl)-5-(tert 
but y id.methylsilyloxy)-2-fluorobenzyl).N,N-diethylbenzamide as a yellow oil 
React.on with tetraethylammonium fluoride hydrate in acetonitrile as in 

dichZlJ' f0 "T d by chromat °9^phy on silica gel with 
d.chtoromethane:methanol/4:l gave 0.24 g (77%) of (ty^XraL^. 

as a l,ght amber res.n. NMR (CDCI3): 5 1.0-1.3 (m, 12H); 2.0-2.3 (m 2H) 

I'yl f, (m ;u, H): 32 " 3 - 6 (br m ' 5H); 5 - 1 ' 5 ' 3 < m ' 2H >' 525 and 5.55 (s, 1H);' 
5.7-6.0 (m, 1H); 6.5-7.2 (m, 3H); 7.25 (d,J=8 Hz, 2H); 7.4 (d, J=8 Hz, 2H) A 

hvlTh.^ T T UCt in abS ° ,Ute ethan °' WaS titrated t0 P H 4 wi * «thanolic 
hydroch lone acd concentrated and treated m> diethyl ether to precipitate 

r u 9 cm I monoh ydrochloride as an off-white powder. Calc for 

63 2 33 36 H m°I 1 - 25 H2 ° : C> 63 ' 27 ' * 777: * 8 20: 5. 6-92. Found: C 
63.33, H, 7.78; N, 8.24; CI, 7.00. Mass spectrum (CI-CH4) m/z: 454 (M + 1 

100%), 453 (M, 6%), 300 (17%), 153 (95%). ' 

EXAMPLF V 

benzvD-N N-dieth^^m^ 

1 a h* A ,*IT Q 01 3 - bromoanlline < 468 mL. 0.43 mol), 1.1,4,4-tetramethyl- 
1.4-b l s-(N,N-d.methylamino)disilethylene (121 mL, 0.43 mol) and zinc iodide 
0.69 g, 2.1 mmol) was heated to 140 °C for five hours under nitrogen 
Vacuum distillation (108-1 13 »C, 2 mm Hg) of the crude product gave 46.65 g 
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(46%) of 1-(3-bromophenyl)-2.2,5,5-tetramethyM -aza-2,5-disilacyclo-. 
pentane as a light yellow oil. 

The protected aniline (23.64 g, 0.101 mol) was treated with n- 
butyllithium (1.5 M in hexane, 66 mL, 0.101 mol) and 4-formyl-N,N- 
diethylbenzamide (20.70 g, 0.101 mol) as in Example11. Chromatography of 
the crude product on silica gel (Waters Prep 500, 
dichloromethane:ethanol/100:1-3) gave 7.59 g (25%) of 4-(3-amino-a- 
hydroxybenzyl)-N,N-diethylbenzamide as a light yellow hygroscopic solid. 

The product (25 mmol) was treated with 2 M ethanolic hydrochloric 

acid (20 mL). The solvent was evaporated and the residue shaken with 

toluene and evaporated again to remove residual ethanol. The resulting 

yellow solid was suspended in dichloromethane, 2.7 mL (37.5 mmol) of 

thionyl chloride was added, and the mixture was stirred at room temperature 

for one hour. The solvent was evaporated, and the residue was taken up in 

toluene and evaporated again to drive off the excess thionyl chloride. The 

crude product (approximately 25 mmol) was then treated with trans-2,5- 

dimethylpiperazine (28.5 g, 0.25 mol) in toluene as described in Examplel. 

The product was purified by chromatography on silica gel (Waters Prep 500, 

dichloromethanerethanol: triethylamine/100:1 .5-3:0.1), to give 3.71 g (38%) 

of (±)-4-a-(trans-2,5-dimethyl-1-piperazinyl)-3-aminobenzyl)-N,N-diethyl- 
benzamide as a yellow solid. 

The benzhydrylpiperazine (3.71 g, 9.4 mmol) was treated with allyl 
bromide {0.83 mL, 9.6 mmol) and anhydrous sodium carbonate (5.0 g, 47 
mmol) as in Example 1 to give (±)-4-(a-(trans-4-allyl-2,5-dimethyl-1- 
piperazinyl)-3-aminobenzyl)-N,N-diethylbenzamide. The two diastereomers 
in the product were separated by chromatography on silica gel (Waters Prep 
500, dichloromethane:ethanol:triethylamine/1 00:0.5-1:0.1) to give 1.01 g 
(25%) of the more mobile isomer (Rf=0.48 on silica gel with 

dichloromethane:methanol:ammonium hydroxide/90:10:1) as an off-white 
solid. NMR(CDCI 3 ):5 1.0 (d, J=7 Hz, 3H); 1.15 (d, J=7 Hz, 3H); 1.2 (br m, 
6H); 1.9 (t, J=9 Hz, 1H); 2.1 (t. 1H); 2.4-2.9 (m, 6H); 3.1-3.7 (m, 6H); 5.1-5.2 
(m, 3H); 5.7-6.0 (m, 1H); 6.65 (d, J=8 Hz, 2H); 6.7 (S, 1H); 6.8 (d, J=8 Hz, 1H); 
7.1 (t, J=8 Hz, 1H); 7.3 (d. J=8 Hz, 2H); 7.5 (d, J=8 Hz, 2H). A solution of the 
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product (0.10 g, 0.23 mmol) in absolute ethanol was titrated to pH 4 5 with 
ethanolic hydrochloric acid, concentrated and treated with diethyl ether to 
Precipitate 74.6 mg (67%) of the monohydrochloride salt as a beige solid 
Calc. for C 2 7H3 8 N 4 0 HCI 0.75 H 2 0: C, 66.92; H, 8.42; N, 11.56; CI, 7 32 
Found: C, 66.97; H, 8.45; N, 11.51; CI, 7.43. Mass spectrum (CI-CH 4 ): m/z 
435 (M+1, 26%), 281 (65%), 153 (100%). 



EXAMPLE aa 

(±H-ffffR* nr S'Wr- ftmns.4.AiM.i> s.rtim 1thY |. 1 . ntnftray , Hyf} . ff . nrff[nn . 
benzyn-NN-rimthvihon^n^,^ 

The less mobile isomer (R f =o.44 on silica gel with 
dichloromethanermethanol: ammonium hydroxide/90:10-1) from 
chromatography of (±)-4-a-(rrans-4-allyl-2,5-dimethyl-1 -piperazinyl)-3- 
aminobenzyl)-N,N-diethylben 2 amide from Example 32 was isolated. NMR 
(CDCI3): 5 0.98 (d, J=7 Hz, 3H); 1.15 (d, J=7 Hz, 3H); 1.2 (br m, 6H); 1.9 (t 

SS-^VSv 2,1 l J= « 8 c Hz ' 1H): 2 - 4 " 2 - 9 (m ' 5H): 3 - 1 - 3 - 7 (m ' 7H > ; 51 " 5 - 2 

3H). 5.7-5.9 (m, 1H); 6.55 (dd, J^io, J 2 =2 Hz, 2H); 6.7 (S, 1H); 6.8 (d, J=8 
Hz. IK): 7.15 (t, J=8 Hz, 1H); 7.2 (d, J=8 Hz. 2H); 7.3 (d, J=8. 2H). A solution 
of the product (0.33 g, 0.76 mmol) in absolute ethanol was titrated to pH 4 5 
wrth ethanolic hydrochloric acid, concentrated and treated with diethyl ether 
to precipitate 0.20 g (55%) of the monohydrochloride salt as a pink solid 
Calc. for C 27 H38N 4 0 HCI 0.75 H 2 0: C. 66.92; H, 8.42; N, 11.56; CI. 732 
Found: C. 67.01; H, 8.42; N, 11.51; CI. 7.30. Mass spectrum (CI-CH4): m/z 
435 (M+1 , 4%), 281 (1 9%), 1 53 (71 %). 



EXAMPLE 34 

ttM-(3-HYnmyY)~a^CiS-3 4 S>trimflth v |.l. p ip a r Br|n v nhflnyvh . N M . 

diflthvih^arnjfff 

A mixture of (±)-4-(3-((tert-butyldimethylsilyl)oxy)-a-(cis-3,5-dimethyl- 
1-piperazinyl)benzyl)-N,N-diethylbenzamide (18.5 g, 36.5 mmol) (from 
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Example 11). 88% formic acid (5.1 g, 110 mmol) and 37.6% formaldehyde 
(2.8 g, 95 mmol) was heated at 80 °C overnight. The reaction mixture was 
cooled to room temperature and 20 mL of 7.2M hydrochloric acid was added 
slowly . The mixture was washed three times with 40 mL of dichloromethane. 
The pH of the aqueous layer was adjusted to 8 with a saturated solution of 
sodium bicarbonate and then extracted with 3 x 40 mL of dichloromethane. 
The organic extracts were dried over magnesium sulfate and evaporated to 
dryness to give 12.6 g (84%) of (±)-4-(3-hydroxy)-cc-(cis 3,4,5-trimethyl-l- 
piperazinyl)benzyl)-N,N-diethylbenzamide as a tan foam. NMR (300 MHz, 
CDCI 3 ): 5 1 .0-1 .3 (br m, 2d, J=6 Hz and J=6 Hz, 1 2H); 2.3 (br dd, 2H), 2.6 (s,' 
3H); 2.7-3.0 (br m, 4H); 3.2-3.6 (br m, 4H);4.2 (s. 1H), 6.7 (d, J=7 Hz, 1H); 6.8 
(d, J=8 Hz, 1 H); 6.9 (s. 1 H); 7.1 (t, J=8 Hz, 1 H); 7.25 and 7.40 (AB q r J=8 Hz, 
4H). A portion of the product was dissolved in dichloromethane:ethanol and 
converted to the dihydrochloride salt with an excess of ethereal hydrogen 
chloride. The solvent was removed and the residue was redissolved in a 
minimum amount of dichloromethane. Diethyl ether was added to give an 
oily precipitate which solidified with stirring. Filtration gave the hydrated 
dihydrochloride salt. Calc. for C25H35N3O2 2 HC1 1.5 H 2 0: C, 58.93; H, 
7.91 ; N, 8.25; CI, 13.92. Found: C, 58.84; H, 7.89; N, 8.09; CI, 13.69. 



EXAMPLE 35 

(±)-4-((a R* or S*)-tt-ftrans-4-All v l.;> s.rtimethvl-1 -pi p erazinviya. 
(benzenflSiilfonamirin\hftnT V n-NlN-riiPth Y lhftn?amirio 

Benzenesulfonylchloride (150 mL, 1.8 mmol) was added slowly to a 
solution of (±)-4-((<x R* or S>a-(trans-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 
aminobenzyl)-N,N-diethylbenzamide (Example 32) in 20 mL 
dichloromethane at 0 °C. The reaction mixture was allowed to slowly warm 
to room temperature while stirring overnight. The reaction was washed with 
water at pH 8 and concentrated to dryness to give 0.56 g of a brown oil. The 
oil was purified on silica gel (Waters Prep 500A) with ethanol (0-1%) in 
dichloromethane containing 0.1% triethylamine to give 300 mg (29%) of (±)- 
4-((a FT or S>a-(trans-4-allyl-2,5-dimethyf-1 -piperazinyl)-3- 
(benzenesulfonamido)benzyl)-N,N- diethylbenzamide. NMR (200 MHz, 
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£?; J! ' 2=11 HZ ' 1H,;2<1 (dd> J 1= 10Hz ' J 2=11 Hz. 1H); 2.2-2.6 (m, 
3H); 2.6-2.8 (m, 2H); 3.1-3.6 (br m. 4H), 3.25 (dd. ^=3 Hz, ^12.5 Hz, 1H)- 

5.8 (m, 1H); 6.9-7.2 (m, 6H); 7.3-7.5 (m, 5H), 7.7 (half of AB q, J=8 Hz 2H) 

The amine was dissolved in ethanol and converted to the di hydrochloride 

salt with an excess of ethanolic hydrogen chloride. The product was 

M^TJr With diethy ' ether 10 9 ,ve 230 m 9 of hydrated 

d,hydrochlor,de salt as a white solid. Calc for C33H42N4O3S 2 HCI 1.25 

H 2 0: C, 59.14; H, 6.99; N, 8.36, CI, 10.58, S, 4.78. Found: C, 58.79; H 7 06- 

N, 8.72; CI, 10.72; S, 4.78. 



ttMrans-^.f^fliiyi. 
diethvlh ftnrnm j T<ft 



EXAMPLF aft 

thvl- 



(±M-(a-(trans-4-Allyl-2.5-dimethyl-1 -piperazinyl)-3-aminobenzyl)- 
N.N^ieth y ibenzamide (0.42 g, 0.97 mmol) (Example 32, infra) was dissolved 
■n 15 mL of ethyl formate and heated at reflux overnight under nitrogen The 
react.on was concentrated to dryness and purified by chromatography on 
s. ca gel wth ethanol (0-10%) in dichloromethane to give 0.23 g (51%) of 

« T! S (a ■ (4 - al,y, * 2 ' 5 - dimeth y , - 1 -P | P^azinyl)-3-formamidobenzyl)-N N- 
d.ethylbenzamide. NMR (300 MHz, CDCI3): 5 1.0 (m, 3H); 1.2 (d, m 9H)- 

1.8-2.2 (m. 3H); 2.4-2.9 (m, 5H); 3.2-3.6 (m, 5H); 5.1-5.3 (m, 3H) 5.8 (m, 1H)' 
6.7-7.8 (m, 8H); 7.9-8.1 (m, 1H), 8.6-8.9 (m, 1H). The amine was dissolved in 
ethanol and converted to the monohydrochloride salt by titration with 
ethanolic hydrogen chloride. The solution was concentrated to dryness The 
resultmg foam was dissolved in a minimal amount of ethanol and 
precpitated with diethyl ether to give 0.96 g of the hvdrated 
mononydrochioride sa« as an off-white solid. Cato. for C 28 H 38 N 4 o?hci 
1-5 H 2 0: C, 63.92; H, 8.05; N, 10.65; CI, 6.74. Found: C. 64.21 ;H 7 96'N 
10.77; CI, 6.92. 
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EXAMPLE 37 

f±)-3-(faR*)-ff-^2R*.5S > ^4.Allvl-2.5.dim e thvl-1. P i De r aZ in V n. 4-^fben2vlow\. 
carbonvnaminotoen7vl\nhpnni 

A solution of crude lithium (±)-4-((aR*)-a-((2R*,5S*)-4-allyI-2,5- 
dimethyl-1 -piperazinyl)-3-(tert-butyldimethylsilyloxy)benzyl)benzoate (2.7 g, 
made from 5.4 mmol of Example 2 by the procedure in Example 6, Method B) 
in 50 mL of dichloromethane was cooled in an ice bath, and a solution of 
thionyl chloride (0.60 mL, 8.0 mmol) in 10 mL of dichloromethane was added 
dropwise. After stirring for 1 hour, the solvent was removed in vacuo below 
25 °C. The residue was redissolved in 100 mL of acetone and chilled to 0 
°C. A solution of sodium azide (1.7 g, 27 mmol) in 15 mL of water was added 
to the mixture. The reaction was stirred at 0 °C for 1 hour (with appropriate 
safety shield) and then warmed to room temperature and stirred for 2 hours. 
The reaction mixture was diluted with 85 mL of water and the acetone was 
removed in vacuo. The aqueous solution was basified with 1N sodium 
hydroxide and the acyl azide was extracted with 500 mL diethyl ether. The 
ether extract was diluted with 250 mL toluene, and the solution volume was 
concentrated to 75 mL. Benzyl alcohol (1.1 mL, 11 mmol) was added, and 
the reaction was heated to 100 °C for 2 days. The solvent was removed and 
the residue was purified by chromatography on silica gel with hexane 
followed by dichloromethane to give 2.89 g (89%) of the urethane as a 
yellow oil. 

A portion of the protected product (1.4 g, 2.4 mmol) and 
tetraethylammonium fluoride hydrate were stirred in 20 mL of acetonitrile 
overnight. The solvent was removed, and the residue was purified by 
chromatography on silica gel with ethanol (0-5%) in dichloromethane to give 
(±)-3-((a R*)-a-((2R*. 5S*)-4-allyl-2,5-dimethyl-1 -piperazinyl)-4- 
(((benzyloxy)carbonyl)amino)benzyl) phenol as a clear oil. NMR (CDCI3, 
200 MHz): 8 1.0 (d, J=6 Hz, 3H); 1.1 (d, J=6 Hz, 3H), 1.85 (dd, J 1= 10 Hz, 
J 2 =11 Hz, 1H); 2.1 (dd, J 1= 10 Hz, J 2 =11Hz, 1H); 2.4-2.9 (m, 5H); 3.3 (dd, 
Ji=5 Hz, J 2 =15 Hz, 1H); 5.1 (m, 3H); 5.2 (s, 2H); 5.8 (m, 1H); 6.6 (d, J=8 Hz, 
1H); 6.9 (m, 2H); 7.1 (m. 3H); 7.4 (m, 6H). The amine was dissolved in 
ethanol and titrated to pH 1.7 with ethanolic hydrogen chloride. The solution 
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was concentrated t a minimum volume and the salt was precipitated with 
diethyl ether to give 0.59 g (46%) of a white solid. Calc. for C30H35N3O3 
HCI H 2 0: C, 66.72, H, 7.09; N, 7.78; CI, 6.56. Found: C, 66.93; H, 7.07; N, 
7.81; CI, 6.60. 



EXAMPLE aa 

fe)-3-(fgR*)-(ir-((?R*.SS*)-?f>-nim fi th V l-1.ninflr a 7iny n ben?vhnhpnnl 

(±)-3-{(aR*)-a-((2R*,5S*)-4-allyl-2,5-dimethyM.pipera2inyl)ben2yl)- 
phenol (37.15 g; 0.1 1 mol) from Example 9 was treated with 5% palladium on 
carbon (24.0 g) and trifluoroacetic acid (9.3 mL, 0.12 mol) in methanolrwater 
as in Example 15 to give 13.13 g (40%) of (±)-3-((aR*)-a-((2R*,5S*)-2,5- 
dimethyl-1-piperazinyl)benzyl)phenol as a white solid. NMR (200 MHz 
DMSO-d 6 ) 8 : 0.85 (d, J=6Hz, 3H); 1.1 (d, J=6 Hz, 3H); 1.5 (t, J=10 Hz, 1H)! 
1.9 (br s, 1H); 2.2 (br m, 1H); 2.5 (m, 2H); 2.8 (m, 2H); 5.2 (s, 1H); 6.6 (d, J=8 
Hz, 1H); 6.7 (d, J=8 Hz, 1H); 6.83 (s, 1H); 7.1 (t, J=8 Hz, 1H); 7.2 (d, J=7.5 Hz, 
2H); 7.4 (d, J-7.5 Hz, 2H); 7.35 (m, 1H). A portion (0.319 g, 1.1 mmol) was 
suspended in absolute ethanol and titrated to pH 4 with ethanolic hydrogen 
chloride, concentrated and treated with diethyl ether to give 0.27 g (74%) of 
the monohydrochloride salt as a white powder. Calculated for C 19 H 2 4N 2 0 
HCI 0.75 H 2 0: C, 65.88; H, 7.71; N, 8.09; CI, 10.24, Found: C, 65.91; H, 
7.72; N, 7.98; CI, 10.26. Mass spectrum (CI-CH4): m/z 297 (M+1, 100%) 
183 (25%), 113 (2.4%). 



EXAMPLE ao 

(+)-3-(fgR»).fr -ff2R*.5S*)-P 4 5-Trimethvl.l.nipo^ri n vhbenzvnnhpnnl 

(±)-3-((aR*)-a-{(2R*,5S*)-2,5-Dimethyl-l-piperazinyl)benzyl)phenol 
(100 g, 3.4 mmol) from Example 38 was treated with 37% aqueous 
formaldehyde (0.76 mL, 10.2 mmol) and 96% formic acid (0.53 mL, 13.6 
mmol) as in Example 13 to give 0.70 g of a beige solid. Chromatography on 
silica gel with dichloromethane:ethanol (1-4%) gave 0.20 g (31%) of (±)-3- 
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((aR*)-a-((2R* l 5S*)-2,4,5-trim9thyl-1-pipera2inyl)ben2yI)phenol as a white 
solid. NMR (200 MHz, DMSO-d 6 ): 5 0.85 (d, J=6 Hz, 3H); 1.1 (d, J=6 Hz, 
3H); 1.7 (t, J=10 Hz, 1H); 2.0 (t, J=10 Hz, 1H); 2.1 (s, 3H); 2.15 (br m, 1H); 2.4 
(br m, 1 H); 2.6 (m, 2H); 5.15 (s, 1H); 6.6 (d, J=8 Hz, 1H); 6.75 (d, J=8 Hz, 1H); 
6.82 (s, 1H); 7.1 (t, J=8 Hz, 1H); 7.2 (d, J^7 Hz, 2H); 7.3 (d, J=7 Hz, 2H); 7.3 
(m, 1H); 9.2 (s, 1H). A portion (0.190 g, 0.61 mmol) was suspended in 
absolute ethanol and titrated to pH 4 with ethanolic hydrogen chloride, 
concentrated and treated with diethyl ether to give 0.179 g (84%) of the 
monohydrochloride salt as a white solid. Calc. for C2oH26 N 2° HCI: c » 
69.45; H, 7.87; N, 8.10; CI, 10.25. Found: C, 69.17; H, 7.82; N, 8.13; CI, 
10.30. Mass spectrum (CI-CH4): m/z 311 (M+1 t 100%), 310 (M+, 38%), 183 
(58%), 127 (10%). 



EXAMPLE 40 

(±)-3-((aRn>a-(f2R\5SM>2.5-Dimethvl-4-ethvl-1-DiDerazinvnb e nzynphen Q l 

A solution of (±)-3-((ftR>a-((2R\5S*)-2,5-dimethyl-1- 
piperazinyl)benzyl)phenol from Example 38 in 2.5 mL of 7 M ethanolic 
hydrogen chloride was evaporated to dryness. The residue was dissolved in 
20 mL of acetone water (32), Sodium acetate trihydrate (2.5 g, 18.3 mmol), 
acetaldehyde (0.34 mL, 6.1 mmol) and sodium cyanoborohydride (0.63 g, 
10.1 mmol) were added. After stirring at room temperature under nitrogen for 
18 hours, the mixture was acidified with aqueous 1 M hydrochloric acid to pH 
2 and extracted with diethyl ether. The aqueous layer was adjusted to pH 8 
with 10 M aqueous sodium hydroxide. The resulting suspension was 
extracted with dichloromethane, and the extracts were dried over sodium 
sulfate and evaporated to dryness to give 2.00 g of an off-white solid. 
Purification by chromatography on silica gel with dichloromethanerethanol 
(1-10%) gave 0.30 g (15%) of (±)-3-((aR*)-a-((2R # ( 5S>2 ( 5-dimethyl-4-ethyl- 
1-piperazinyl)benzyl)phenol as a white solid. NMR (200 MHz, DMSO-de): 5 
0.9 (m, 6H); 1.1 (d, J=6 Hz, 3H); 1.85 (dd, J^B Hz, J 2 =10 Hz, 1H); 2.1 (dd, 
Jl^8 Hz, J 2 =10 Hz, 1H); 2.3 (m, 1H); 2.4-2.7 (m, 4H); 2.75 (br d, J=10 Hz, 
1H); 4.9 (s, 1H); 6.6 (d, J=8 Hz, 1H); 6.8 (d, J=8 Hz, 1H); 6.85 (s, 1H); 7.1 (t, 
J=8 Hz, 1H); 7.2-7.3 (m, 5H); 9.25 (s ( 1H). The product (0.30 g, 0.92 mmol) 
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was suspended in absolute ethanol and titrated to pH 4 with ethanolic 
hydrogen chloride, concentrated and treated with diethyl ether to precipitate 
0.26 g (78%) of the monohydrochloride salt as a white powder. Calc. for 
C2lH20N 2 OHCI0.75H 2 O: C. 67.36; H, 8.21; N, 7.48; CI, 9.47. Found: C, 
67.52; H, 8.18; N, 7.49; CI, 9.51. Mass spectrum (CI-CH4): m/z325(M+1, 
48%), 324 (M+, 34%), 1 83 (1 00%), 1 41 (55%). 



EXAMPLE 41 

N . N'-(ftithvlftnediOXv)rfiftthvlene\hisU.{/R M -fi.^PR«SR*\.4-allvl-PR. 

dimethyl-1-niDerazinvl>-3-hvdroyvhfin y ynh 0n7f , m jTl f } 

A solution of the crude lithium salt of (±)-4-((aR*)-a-((2S\5R*)-4-allyl- 

2,5-dimethyl-l-piperazinyl)-3-(tert-butyldimethylsilyloxy)benzyl)ben20ic acid 
(6.6 g, prepared from 13 mmol of Example 1 by the procedure, of Example 6, 
Method B) in 150 mL dichloromethane was cooled in an ice bath. A solution 
of thionyl chloride (1.4 mL, 20 mmol) in 10 mL dichloromethane was added 
dropwise and the reaction was stirred overnight. The solvent was removed 
under vacuum below 25 °C and the residue was evaporated again with 
toluene to remove residual thionyl chloride. 

The acid chloride intermediate was dissolved in 200 mL of 
dichloromethane and chilled in an ice bath. A solution of 1 ,8-diamino-3,6- 
dioxaoctane (0.97 mL, 6.6 mmol, Dr. Theodore Schuchardt & Co., 
Hohenbrunn, Germany) and triethylamine (3.8 mL, 27 mmol) in 30mL 
dichloromethane was added dropwise and the reaction was stirred for 3 
days. The solvent was removed and the residue was redissolved in 100 mL 
diethyl ether and washed with 50 mL ot 1N sodium hydroxide. The solvent 
was removed to give 4.95 g (79%) of N,N'-((ethylenedioxy)diethylene)bis-(4. 
((R>a-((2S*,5R*M-allyl-2,5-dimethy|.1-piperazinyl).3-(tert- 
butyldimethylsilyloxy)benzyl)benzamide as a dark foam. 

The product was dissolved in 150 mL acetonitrile.dichloromethane 
(2:1) and tetraethylammonium fluoride hydrate (2.0 g) was added. After 
stirring overnight, the solvent was removed and the crude product was 
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purified by chromatograptiy on silica gel with dimethylformamide (0-4%) in 
dichloromethane to give 0.88 g (22%) of N,N'- 
((ethylenedioxy)diethylene)bis(4-((H*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)benzamide}. NMR (300 MHz, DMSO-dg): 5 
0.9 (d, J=6 Hz, 6H); 1.05 (d, J=6 Hz, 6H); 1.8 (dd, J 1= 6 Hz, J 2 =9 Hz, 2H); 2.1 
(dd, J 1= 6.5 Hz, J 2 =10 Hz. 2H); 2.5-2.65 (tn, 6H); 2.7 (d. J=11 Hz, 2H) 2.85 
(dd, J 1= 7 Hz, J 2 =14 Hz, 2H); 3.1 (dd, J 1= 3 Hz, J 2 =12 Hz, 2H); 3.4 (m, 4H); 
3.5 (m, 8H); 4.9 (s, 2H); 5.05 (d, J=11 Hz, 2H); 5.15 (d, J=16 Hz, 2H); 5.8 (m, 
2H); 6.6 (d, J=6 Hz, 2H), 6.7 (s, 2H); 6.7 {d, J=8 Hz, 2H); 7.1 (t, J=8 Hz, 2H); 
7.4 and 7.7 (ABq, J=8 Hz, 8H), 8.4 (t, J=5.5 Hz. 2H); 9.3 (s, 2H). 

The amine was dissolved in ethanol and converted to the 
dihydrochloride salt by titration with, ethanolic hydrogen chloride. The 
hygroscopic salt was precipitated with diethyl ether. Filtration gave 0.583 g 
of the salt as a white solid. Calc. for Cs^egNeOe 2HCI 1.25 H 2 0: C, 
64.48; H, 7.54; N, 8.68; CI, 7.32. Found: C, 64.56; H, 7.57; N, 8.59, CI, 7.19. 



EXAMPLE 42 

(±)-3-f(Rn-a2SV5Rn-4-Allvl-?.5-dim e thvi-1-ni 0 erazinvnr4-h m mn.P- 
thienvl>mfithvhnhPnnl 

A 12 L, 3-necked round bottom flask was charged with trans-2,5- 
dimethylpiperazine (767 g, 6.72 molj, which had been recrystallized from 
toluene to mp=115-1 19 °C, and 600 mL of water. The flask was cooled in an 
ice bath and a solution of methanesulfomc acid (1290 g, 13.4 mol) in 600 mL 
of water was added slowly with stirring and cooling to maintain the 
temperature below 40 °C. The solution was cooled to 20 °C and 800 mL of 
ethanol was added. A 500 mL addition funnel was filled with 60% aqueous 
potassium acetate from a 2 L reservoir of the solution, and potassium acetate 
was added to the reaction flask to adjust the pH to 4.0. A second addition 
funnel was charged with a solution of ethyl chloroformate (642 mL, 6.71 mol) 
in 360 mL of tetrahydrofuran. The ethyl chloroformate and potassium acetate 
solutions were simultaneously added dropwise with adjustment of rate to 
maintain the reaction solution at pH 4.0 i 0.1 , with cooling as necessary to 
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maintain temperature at 25 °C. After addition of the ethyl chloroformate was 
complete, the reaction was stirred for 1 hour with continued addition of 
potassium acetate solution to maintain a pH of 4.0. The organic solvents 
were removed by distillation under vacuum. The remaining aqueous 
solution was washed with 1500 mL of ethyl acetate to remove any bis- 
carbamate impurity. The ethyl acetate wash was extracted with two 500 mL 
portions of 1 M hydrochloric acid to recover desired product. The acid 
extracts were combined with the original aqueous solution and the pH was 
adjusted to 11 by addition of 10 M sodium hydroxide, with cooling to maintain 
temperature below 40 °C. The aqueous solution was extracted with two 
1500 mL portions of ethyl acetate, the combined extracts were dried over 
magnesium sulfate, and the solvent was removed to give 927 g (74%) ethyl 
trans-2,5-dimethyl-1-piperazinecarboxylate as a yellow oil. 

A mixture of ethyl trans-2,5-dimethy 1-1 -piperazinecarboxy late (643 g ( 
3.45 mol), allyl bromide (328 mL, 3.80 mol), and sodium carbonate (440 g, 
4.15 mol) in 2500 mL of acetonitrile was heated at reflux for 1.5 hours. The 
reaction was cooled to room temperature, filtered, and the solvent removed 
under vacuum. The residue was dissolved in 4000 mL of dichloromethane 
and washed with two 500 mL portions of 1 M sodium hydroxide. The 
dichloromethane solution was dried over magnesium sulfate and the solvent 
was removed to give 630 g (81%) of ethyl trans-4-allyl-2,5-dimethyl-1- 
piperazinecarboxylate as an oil. 

Ethyl trans-4-allyl-2 t 5-dimethyl-l-piperazinecarboxylate (630 g, 2.78 
mol) was added to a solution of 87% potassium hydroxide pellets (2970 g, 
46 mol) in 4300 mL of 95% ethanol and heated at reflux for 1.5 hours. 
Carbon dioxide evolution was observed for the first 0.5-1 hour of heating. 
The reaction was cooled below reflux temperature and 2000 mL of toluene 
was carefully added. Ethanol was removed by azeotropic distillation at 105 
°C, while adding an additional 4000 mL of toluene to the reaction flask 
during the course of the distillation. After collection of 9000 mL of distillate, 
the reaction was cooled to 100 °C and 1000 mL of toluene was carefully 
added. - The solution was slowly cooled to 5 °C and maintained at 5 °C for 30 
minutes. The solution was filtered, washing the filter cake with an additional 
1500 mL of toluene. The filtrate was washed with 1000 mL of water, dried 
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over magnesium sulfate, and the solvent was removed to give 296 g (69%) of 
trans-1-allyl-2,5-dimethyIpiperazine as a dark liquid. 

3-Bromophenoxy-tert-butyldimethylsilane (30.2 g, 0.105 mol), 
prepared as in Example 1, was dissolved in 300 mL of dry tetrahydrofuran 
under nitrogen and cooled to -78 °C. A solution of 1.6 M n-butyllithium in * 
hexane (66 mL, 0.105 mol) was added dropwise at a rate to maintain a 
temperature below -65 °C. The reaction was stirred for thirty minutes after the > 
addition was complete and the cold solution was transferred to another 
vessel containing a room temperature solution of magnesium bromide (20.2 
g, 0.11 mol) in 400 mL of dry tetrahydrofuran under nitrogen. The resulting 
solution was allowed to warm to 15 °C while stirring. After one hour a 
solution of 4-bromo-2-thiophenecarboxaldehyde (20.0 g, 0.105 mol) in 100 
mL of dry tetrahydrofuran was added slowly at a rate to maintain a 
temperature below 25 °C. The resulting solution was stirred for three hours at* 
room temperature, then washed three times with aqueous . ammonium 
chloride, dried over sodium sulfate and evaporated to give a yellow oil. 
Chromatography on silica gel with dichloromethane:hexane / 50:50 gave 
20.23 g (48.2%) of a-(4.bromo-2-thienyl).3-((tert-butyldimethylsilyl)- 
oxy)benzyl alcohol as a viscous yellow oil. 

Thionyl chloride (19.5 mL, 0.27 mol) was added to a solution of the 
alcohol (71.3 g, 0.18 mol) in 600 mL of dichloromethane. After stirring for 16 
hours the solvent was evaporated, the residue was redissolved in toluene 
and evaporated again to drive off excess thionyl chloride. 

A mixture of the crude diarylchloromethane (approximately 0.18 mol) r 
N-allykrans-2,5-dimethylpiperazine and 1000 mL of acetonitrile was heated 
to reflux under nitrogen for 40 hours. The solution was cooled to room 
temperature, filtered, and evaporated. The residue was partitioned between 
diethyl ether and 0.1 M aqueous sodium hydroxide. The ethereal layer was 
washed three more times with 0.1 M aqueous sodium hydroxide, dried over 
potassium carbonate, and evaporated to 145 g of black oil. Chromatography 
on silica gel with ethyl acetate removed excess N-allyl-trans-2,5- 
dimethylpiperazine to leave 86 g of black oil which was purified by 
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chromatography on silica gel with dichloromethane:ethyl acetate / 95-5 to 
yield 63.1 g (66%) of dark oil. 

A mixture of the product (63.1 g, 0.118 mol), tetraethylammonium 
fluor.de hydrate (37 g, approximately 0.2 mol) and 100 mL of acetonitrile was 
stirred at room temperature under nitrogen for 1 hour. The solvent was 
removed by evaporation, the residue was dissolved in dichloromethane 
washed three times with water (adjusted to pH 8 with 1 M aqueous sodium 
hydroxide), dried over sodium sulfate and evaporated to a tan solid. The two 
diastereomers of the product were separated by chromatography on silica 
gel with dichloromethane:ethyl acetate / 75:25. Elution of the first isomer 
gave 15.84 g (32%) of (±)-3-((R>((2S\5R>4.allyl-2,5-dimethyM- 
piperazinyl)(4-bromo-2-thienyl)methyl)phenol . 1 H-NMR (300 MHz DMSO- 
d 6 ): 5 0.93 (d, J=6.0 Hz, 3H); 1.09 (d, J=6.3 Hz, 3H); 2.00 (m, 2H); 2.40 (m, 
2H); 2.65-2.90 (m, 3H); 3.30 (m, 1H); 5.14 (m, 2H); 5.44 (s, 1H); 5.80 (m, 1H)- 
6.65-6.81 (m, 3H); 7.05 (s, 1H); 7.12 (t. J-8.0 Hz, 1H); 7.66 (s, 1H); 9.35 (s.' 
1H). A 500 mg portion was dissolved in ethanol and converted to the 
monohydrochloride salt by titration to pH 3.6 with ethanolic hydrochloric acid 
The solvent was removed by evaporation and the salt was dissolved in 
dichloromethane, followed by precipitation with diethyl ether to give 300 mg 
(55 /p) of a white solid, mp 128-132 »C. Calculated for C^HasBrNoOS HCI 
0.25 H 2 0: C, 51.96; H. 5.78; N, 6.06; Br. 17.28; CI, 7.67, S, 6.93. Found: C, 
51.94; H, 5.80; N, 6.04; total halogen calc. as chlorine, 15.33; S, 7.02. 



EXAMPLE 43 

(±)-3-(fR'Hf?rr t >r)-4-AIM-?R-r1impthvl.i.ninor g , i n UlH i . hmmn ? 
tnienvhma thYl)phftnnl 

Elution of the second isomer from the column of Example 42 gave 
18.02 g (36%) of (±)-3-((R*)-((2R',5S*)-4-allyl-2.5^imethyl-1-piperazinyl)(4. 
bromo-2-thienyl)methyl)phenol , 1 H-NMR (300 MHz, DMSO-d 6 ): 8 0.90 (d, 
J=6.1 Hz, 3H); 1.15 (d, J=6.1 Hz, 3H); 1.70 (t, 1H); 1.97 (t, 1H); 2.40 (m, 2H); 
2.60-2.80 (m, 3H); 3.30 (m, 1H); 5.12 (m, 2H); 5.30 (s, 1H); 5.80 (m, 1H); 6.60 
(s, 1H); 6.72 (m, 3H); 7.12 (t. J-8.2 Hz, 1H); 7.55 (s, 1H); 9.47 (s, 1H). A 500 
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mg portion was dissolved in ethanoi and converted to th 
monohydrochloride salt by titration to pH 3.7 with ethanolic hydrochloric acid. 
The solvent was removed by evaporation and the salt was dissolved in 
dichloromethane, followed by precipitation with diethyl ether to give 240 mg 
(44%) of a white solid, mp 138-141 °C. Calculated for C 2 oH25BrN 2 OS HCI: 

C, 52.46; H, 5.72; N f 6.12; Br, 17.45; CI, 7.74, S, 7.00. Found: C, 52.31; H, 
5.75; N, 6.07; total halogen calc. as chlorine, 15.55; S, 7.09. 

EXAMPLE 44 

f±)-3-rm^-ff2Sr5RM-4-all^ 
phenol 

A mixture of (±)-3-((R*)-((2S # I 5R*)-4-allyl-2,5-dimethyM.piperazinyl)- 
(4-bromo-2-thienyI)methyl)phenoI (Example 42, 4.0 g, 9.5mmol), tert- 
butyldimethylsilyl chloride (1.66 g, 11.0 mmol), and imidazole (1.63 g,*24.0 
mmol) was dissolved in 20 mL of dry dimethylfbrmamide under nitrogen and 
stirred for 72 hours at room temperature. The mixture was diluted with 200 
mL of ethyl acetate, washed three times with 0.1 M aqueous sodium 
hydroxide and once with water, dried over sodium sulfate, and evaporated to 
give 5.4 g (1 00%) of a tan oil. 

A solution of the product (5.4 g, 9.5 mmol) in 150 mL of dry 
tetrahydrofuran under nitrogen was cooled to -70 °C. A solution of 1.6 M n- 
butyllithium in hexane (6.4 mL, 10.0 mmol) was added via syringe at a rate to 
maintain a temperature below -60 °C. The solution was cooled to -78 °C and 
carbon dioxide gas was introduced below the surface of the solution via 
cannula for 15 min. The solution was allowed to warm to room temperature 
with stirring. The solvent was evaporated and the residue was redissolved in 
toluene and evaporated again to remove butyl bromide. The resulting 
viscous oil was dissolved in 500 mL of dichloromethane and cooled to 0 °C 
under nitrogen. Thionyl chloride (1.0 mL, 14.0 mmol) was added slowly via 
syringe. The resulting mixture was stirred for two hours at 0 °C before adding 
a solution of diethylamine (5.1 mL, 50 mmol) in 60 mL of dichloromethane 
dropwise. The mixture was stirred for 16 hours at room temperature, washed 
three times with water, dried over sodium sulfate, and evaporated to give an 



108 



WO 93/15062 



PCT/GB93/00216 



orange brown oil. Chromatography on silica gel with dichloromethanerethyl 
acetate (gradient from 90:10 to 0:100) yielded four products in order of 
elution: 970 mg (21.2%) of (±)-3-((R>((2S%5R>4-ailyl-2,5-dimethyl-1- 
piperazinyl)(2-thienyl)methyl)phenol, tert-butyldimethylsilyl ether; 550 mg 
(8.7%) of (±)-5-((aR*)-a-((2S*,5R')-4-allyl-2.5-dimethyl-1 -pipera2inyl)-3- 
hydroxyben2yl)-3-bromo-N,N-diethyl-2-thiophenecarboxamide f tert- 
butyldimethylsilyl ether; 1050 mg (18.9%) of (±)-5-((<xR*)-a-((2S*,5R*)-4-allyl- 
2,5-dimethyl-1 -piperazinyl)-3-hydroxybenzyl)-N,N-diethyl-2- 
thiophenecarboxamide, tert-butyldimethylsilyl ether; and 880 mg (15.8%) of 
(±)-5-((aR*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 

hydroxybenzyl)-N,N-diethyl-3-thiophenecarboxamide, tert-butyldimethylsilyl 
ether. 

The first material to elute, (±)-3-((R*)-((2S*,5R*)-4-allyl-2,5-dimethyl-1- 
piperazinyl)(2-thienyl)methyl)phenol, tert-butyldimethylsilyl ether (1.06 g, 
2.32 mmol), was combined with tetraethylammonium fluoride hydrate (750 
mg, approximately 4. mmol) and 100 mL of acetonitrile and stirred at room 
temperature for 16 hours under nitrogen. The solvent was removed by 
evaporation and the residue was dissolved in dichloromethane. washed 
three times with pH 8 buffer solution, dried over sodium, sulfate and 
evaporated to a brown glass. Chromatography on silica gel with 
dichloromethane:acetonitrile / 2:1 yielded 610 mg of (±)-3-((R*)-((2S*,5R*)-4- 
allyl-2,5-dimethyl-1-piperazinyl)(2-thienyl)methyl)phenol as a white solid 
1 H-NMR (300 MHz, DMSO-d 6 ): S 0.92 (d, J=5.9 Hz, 3H); 1.10 (d, J=5.8 Hz, 

3H); 2.02 (q, 2H); 2.40 (m, 2H); 2.74 (m, 2H); 2.85 (m, 1H); 3.30 (m, 1H); 5.14 
(m. 2H); 5.48 (s, 1H); 5.80 (m, 1H); 6.60 (d, J=7.8 Hz, 1H); 6.79 (d, J=7.8 Hz, 
1H); 6.85 (s, 1H); 7.0-7.2 (m, 3H); 7.52 (d, J=4.9 Hz, 1H); 9.31 (s, 1H). The 
amine was dissolved in ethanol and converted to the monohydrochloride salt 
by titration to pH 3.7 with ethanolic hydrochloric acid. The solvent was 
removed by evaporation and the salt was dissolved in dichloromethane, 
followed by precipitation with diethyl ether to give 500 mg (56%) of a white 
solid, mp 1 15-121 °C. Calculated for C20H26N2OS HCI 0.4 H 2 0: C, 62.21 ; 
H, 7.26; N, 7.25; CI, 9.18; S, 8.30. Found: C, 62.21 ; H, 7.21 ; N, 7.23; CI, 9.19; 
S.8.22, 

EXAMPLE 45 
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W-5-ffttR»Wa-f f2S»5RM.4.AII V l-2.5.dimethvl.1-Di D erazinvn-3-hvdroxv- 
hen7vn-3-bromo-N.N-diethvl-2-thiQDhanecarboxamide 

Method A 

The second material to elute from the column of Example 44 (620 mg, 
0.98 mmol), was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with 
dichloromethaneracetonitrile / 1 :1 yielded 280 mg of a colorless glass. 1 H- 
NMR (300 MHz, DMSO-d 6 ): 5 0.93 (d, J=5.8 Hz, 3H); 1.13 (m, 9H); 1.90- 

2.20 (m, 2H); 2.40 (m, 2H); 2.65-3.00 (m, 3H); 3.30 (m, 5H); 5.14 (m r 2H); 
5.47 (s, 1H); 5.80 (m, 1H); 6.65 (d, J=7.8 Hz, 1H); 6.80 (d. J=7.8 Hz, 1H); 6.83 
(s, 1H); 7.06 (s, 1H); 7.14 (t. J=7.8 Hz. 1H); 9.41 (s, 1H). The amine was 
dissolved in ethanol and converted to the monohydrochloride salt by titration 
to pH 3.6 with ethanolic hydrochloric acid. The solvent was removed by 
evaporation and the salt was dissolved in dichloro methane, followed by 
precipitation with diethyl ether to give 150 mg (27%) of a white solid, mp 
1 14-124 °C. Calculated for C 2 5H 3 4BrN 3 02S HCI: C, 53.91 ; H, 6.33; N, 7.55; 

Br, 14.35; CI, 6.37, S, 5.76. Found: C, 53.80; H, 6.38; N, 7.59; total halogen 
calc. as chlorine, 12.72; S, 5.71. 

Method B, 

A mixture of (±)-3-((R*)-((2S*,5R*)-4-ailyl-2,5-dimethyl-1-piperazinyl)- 
(4-bromo-2-thienyl)methyl)phenol (7.7 g, 0.0183 mol, Example 42), tert- 
butyldimethylsilyl chloride (3.17 g, 0.021 mol), imidazole (3.13 g, 0.046 mol), 
and 50 mL of dry dimethylformamide was stirred at room temperature under 
nitrogen for 16 hours. The solution was diluted with 500 mL of ethyl acetate, 
washed three times with 0.1 N NaOH, dried over sodium sulfate and 
evaporated to give 10.3 g (105%) of crude (±)-3-((R>((2S*,5R*)-4-allyl-2,5- 
dimethyl-1-piperazinyl)(4-bromo-2-thienyl)methyl)phenol, tert-butyldimethyl- 
silyl ether as a dark oil. 

A solution of the product (2.2 g, 4.1 mmol) in 250 mL of dry 
tetrahydrofuran under nitrogen was cooled to -78 °C. A solution of 1 .5 M 
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lithium diisopropylamide in cyclohexane (2.8 mL, 4.1 mmol) was added via 

syringe at a rate to maintain a temperature below -70 °C. The resulting 

solution was stirred for one hour at -78 °C, then carbon dioxide gas was 

introduced below the surface of the solution via cannula for 10 min. The 

solution was allowed to warm to room temperature with stirring. The solvent 

was evaporated and the residue was redissolved in toluene and evaporated 

again. The resulting viscous oil was dissolved in 250 mL of dichloromethane 

and strirred at room temperature under nitrogen. Thionyl chloride (0.42 mL, 

5.75 mmol) was added, and the resulting mixture was stirred for one hour at 

room temperature before adding diethylamine (2.1 mL, 20.6 mmol). The 

mixture was stirred for 16 hours at room temperature, washed three times 

with water, dried over sodium sulfate, and evaporated to give a dark oil. 

Chromatography on silica gel with dichloromethanerethyl acetate/ 9:1 gave 

1.57 g (60%) of (±)-5-((aR')-a-((2S- > 5R*)-4-allyl-2.5-dimethyl-1.pipera2inyl)- 

3-hydroxybenzyl)-3-bromo-N,N-diethyl-2-thiophenecarboxamide, tert- 
butyldimethylsilyl ether. 

The product was deprotected with tetraethylammonium fluoride 
hydrate as in Example 44. Chromatography over silica gel with 
dichloromethane :ethyl acetate / 1:1 yielded 940 mg of (±)-5-((oR*)-a- 

((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-3-bromo-N, 
N-diethyl-2-thiophenecarboxamide as a light tan foam. 1 H-NMR (300 MHz 
DMSO-d 6 ): 5 0.91 (d, J=6.0 Hz, 3H); 1 .1 0 (m, 9H); 1 .90-2.20 (m, 2H); 2.40 (m,' 
2H); 2.65-3.00 (m, 3H); 3.30 (m, 5H); 5.13 (m, 2H); 5.47 (s, 1H); 5.76 (m, 1H); 
6.63 (d, J=8.1 Hz, 1H); 6.78 (d, J=7.8 Hz, 1H); 6.82 (s, 1H); 7.04 (s, 1H); 7.13 
(t, J=7.8 Hz, 1H); 9.38 (s, 1H). The amine was dissolved in ethanol and 
converted to the monohydrochloride salt by titration to pH 3.7 with ethanolic 
hydrochloric acid. The solvent was removed and the salt was dissolved in 
dichloromethane, followed by precipitation with diethyl ether to give 780 mg 
(57%) of a white solid, mp 147-150 °C. Calculated for C25H 3 4BrN 3 02S HCI: 
C, 53.91; H, 6.33; N, 7.55; Br, 14.35; CI, 6.37, S, 5.76. Found: C, 53.82; H. 
6.30; N, 7.50; total halogen calc. as chlorine, 12.72; S, 5.71. 

EXAMPLE 46 
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fe}-^f(ffR < )-a-f^S*.5R^-4-all V |.2.S^impth 1 /i-i. p i D p ray in V i\.a.> 1 Y^^ n Y. 
benzvn-N.N-riiflthvl.g-t^jonhenecarhft^ppij^ 

The third material to elute from the column of Example 44 (1.2 g, 2.16 
mmol) was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with acetonitrile yielded 1.03 g 
of a tan glass. 1 H-NMR (300 MHz, DMSO-d 6 ): 5 0.93 (d, J=5.8 Hz, 3H); 1.20 
(m, 9H); 1.90-2.20 (m, 2H); 2.40 (m, 2H); 2.60-3.00 (m, 3H); 3.30 (m, 5H); 
5.15 (m, 2H); 5.47 (s, 1H); 5.80 (m, 1H); 6.65 (d, J=7.8 Hz, 1H); 6.80 (d, J=7.8 
Hz, 1H); 6.85 (s, 1H); 7.00 (d, J=3.5 Hz, 1H); 7.14 (t, J=8.0 Hz, 1H); 7.34 (d, 
J=3.5 Hz, 1H); 9.35 (s, 1H). The amine was dissolved in ethanol and 
converted to the monohydrochloride salt by titration to pH 3.9 with ethanolic 
hydrochloric acid. The solvent was removed by evaporation and the salt was 
dissolved in dichloromethane, followed by precipitation with diethyl ether to 
give 200 mg (19%) of a white solid, mp 113-116 °C. Calculated for 
C25H35N3O2S HCI 0.5 H 2 0: C, 61.65; H, 7.66; N, 8.63; CI, 7.28; S, 6.58. 
Found: C, 61.54; H, 7.60; N, 8.66; CI. 7.30; S, 6.61. 

EXAMPLE 47 

(t)-5-f(ffRn-0r-(f2S\5R*)-4-alM.2.5^imflthYU i. P ir >flra 7invn-a-h YT <r 9 vy- 
benzvD-N.N-diethvl-a-thin phener^rhnYamiria 

The fourth material to elute from the column of Example 44 (950 mg, 
1.71 mmol), was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with acetonitrilerethanol / 95:5 
yielded 440 mg of an off-white glass. 1 H-NMR (300 MHz, DMSO-d 6 ): 5 0.91 
(d, J=6.0 Hz, 3H); 1.1 (m, 9H); 1.90-2.10 (m, 2H); 2.40 (m, 2H); 2.70-2.90 (m, 
3H); 3.30 (m, 5H); 5.09 (m, 2H); 5.47 (s, 1H); 5.80 (m, 1 H); 6.60 (d. J=7.8 Hz, 
1H); 6.80 (d, J=7.8 Hz, 1H); 6.84 (s, 1H); 7.04 (s, 1H); 7.14 (t, J=7.8 Hz, 1H); 
7.67 (s, 1H); 9.33 (s, 1H). The amine was dissolved in ethanol and converted 
to the monohydrochloride salt by titration to pH 3.8 with ethanolic 
hydrochloric acid. The solvent was removed by evaporation and the salt was 
dissolved in dichloromethane, followed by precipitation with diethyl ether to 
give 300 mg (36%) of a white solid, mp 108-112 °C. Calculated for 
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C25H35N3O2S HCI 0.5 H2O: C, 61.65; H, 7.66; N, 8.63; CI, 7.28; S, 6.58. 
Found: C, 61.58; H, 7.63; N, 8.58; CI, 7.33; S, 6.50. 

EXAMPLE 48 

te)-3-aR«l-((2R*.5SM-4-Allvl-2.5-dimethvl.1- DiDflra2invlW9.thienvnmethvn. 
phenol 

The procedure described in Example 44 was followed with 4.0 g (9.5 
mmol) of (±)-3-((R*)-((2R*,5S*)-4-allyl-2,5-dimethyl-1 -piperazinyl)(4-bromo-2- 
thienyl)methyl)phenol (Example 43). Chromatography over silica gel with 
dichloromethane:ethyl acetate (gradient from 95:5 to 0:100) yielded four 
products in order of elution: 950 mg (20.7 %) of (±)-3-((R*)-((2R*,5S>4-allyl- 
2,5-dimethyl-1-piperazinyl)(2-thienyl)methyl)phenol, tert-butyldimethylsilyl 
ether, 480 mg (7.6%) of (±)-5-((aR>cc-((2R\5S*)-4-Allyl-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)-3-bromo-N,N-diethyl-2- 
thiophenecarboxamide, tert-butyldimethylsilyl ether, 260 mg (4.7%) of (±)-5- 
((aR*)-a-((2R*,5S*)-4Tallyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)- 
N,N-diethyl-2-thiophenecarboxamide, tert-butyldimethylsilyl ether, and 870 
mg (16%) of (±)-5-((aR*)-a-((2R",5S*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 

hydroxybenzyl)-N,N-diethyl-3-thiophenecarboxamide, tert-butyldimethylsilyl 
ether. 

The first material to elute, (±)-3-((R*)-{(2R*,5S*)-4-allyl-2,5-dimethyl-1- 
piperazinyl)(2-thienyl)methyl)phenol, tert-butyldimethylsilyl ether (950 mg, 
2.08 mmol), was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with 
dichloromethane:acetonitrile / 1:1 yielded 610 mg (62%) of (±)-3-((R*)- 
((2R*,5S*)-4-allyl-2,5-dimethyl-1 -piperazinyl)(2-thienyl)methyl)phenol as a 
white solid. ^H-NMR (300 MHz, DMSO-de): 5 0.90 (d, J=4.0 Hz, 3H); 1.13 (d, 
J=4.0 Hz, 3H); 1.76 (t, J=9.4 Hz, 1H); 1.98 (t, J=9.9 Hz, 1H); 2.38 (m, 2H); 2.67 
(d, J-10.9 Hz, 2H); 2.75 (m, 1H); 3.15 (m, 1H); 5.1 (m, 2H); 5.26 (s, 1H); 5.80 
(m, 1H); 6.70 (m, 4H); 6.92 (dd, J 1= 3.5 Hz, J 2 =5.1 Hz, 1H); 7.1 8(t, J=7.9 Hz, 
1H); 7.38 (d, J=5.0 Hz, 1H); 9.38 (s, 1H). A 440 mg portion was dissolved in 
ethanol and converted to the monohydrochloride salt by titration to pH 3.8 
with ethanolic hydrochloric acid. The solvent was removed by evaporation 
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and the salt was dissolved in dichloromethane, followed by precipitation with 
diethyl ether to give 330 mg (66%) of a white solid, mp 123-127 °C. 
Calculated for C2qH26 n 20S HCI 0.4 H 2 0: C, 62.21 ; H, 7.26; N, 7.25; CI. 

9.18; S, 8.30. Found: C, 62.07; H, 7.24; N, 7.20; CI. 9.20; S. 8.19. 

EXAMPLE 49 

f+V5.^nRM-a-/f2R».5S^-4-allv l-2.5.dimethvM-ninpra?invn.3.hvdroxv- 
benzvlVNN-diethvl-2-thioDhenecarboxamide 

The third material to elute from the column in Example 48 (260 mg, 
0.47 mmol) was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with acetonitrile yielded a tan 
glass. 1H-NMR (300 MHz. DMSO-d 6 ): 8 0.91 (d. J=3.0 Hz, 3H); 1.17 (m. 

9H); 1.75 (m, 1H); 2.0 (m,1H); 2.40 (m. 2H); 2.60-2.85 (m, 3H); 3.30 (m, 1H); 
3.45(m, 4H); 5.15 (m, 2H); 5.32 (s, 1H); 5.80 (m, 1H); 6.65 (d, J=3.1 Hz, TH); 
6.75 (m, 3H); 7.20 (m, 2H); 9.45 (s, 1H). The amine was converted to the 
monohydrochloride salt by titration to pH 3.1 with ethanolic hydrochloric acid. 
The solvent was removed by evaporation and the salt was dissolved in 
dichloromethane, followed by precipitation with diethyl ether to give 70 mg 
(31%) of a white solid, mp 173-175 °C. Calculated for C25H35N3O2S HCI 
0.4 H 2 0: C, 61.87; H, 7.64; N, 8.66; CI, 7.31; S, 6.61. Found: C, 61.93; H, 
7.62; N. 8.72; CI, 7.32; S, 6.62. 

EXAMPLE 50 

^-5.^«RM- rt .»2RV5S^.4- a ll V l-2.5^imethvl.1-Dipera 2 invn-3-hvdroxv- 
benzvn-N.NI-diethyl-3-thiophenecarboxamide 

The fourth material to elute from the column of Example 48 (870 mg, 
1.57 mmol) was deprotected with tetraethylammonium fluoride hydrate as in 
Example 44. Chromatography over silica gel with acetonitrile gave an off- 
white glass. 1 H-NMR (300 MHz. DMSO-d 6 ): S 0.90 (d, J =6.0 Hz, 3H); 1.07 (t, 

J=7.0 Hz. 6H); 1.15 (d, J=5.7 Hz, 3H) 1.74 (m. 1H); 1.97 (m.1H); 2.35 (m, 2H); 
2.60-2.80 (m, 3H); 3.30 (m, 5H); 5.15 (m, 2H); 5.29 (s, 1H); 5.80 (m, 1H); 6.66 
(s, 1H); 6.73 (s, 1H); 6.74 (d, J=7.5 Hz, 2H); 7.19 (t, J=7.5 Hz, 1H); 7.56 (s, 
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1H); 9.45 (s, 1H). The amine was dissolved in ethanol and converted to the 
monohydrochloride salt by titration to pH 3.8 with ethanolic hydrochloric acid. 
The solvent was removed by evaporation and the salt was dissolved in 
dichloromethane, followed by precipitation with diethyl ether to give 280 mg 
(37%) of a white solid, mp 109-116 °C. Calculated for C25H35N3O2S HCI 
0.5 H 2 0: C. 61.65; H, 7.66; N, 8.63; CI, 7.28; S, 6.58. Found: C, 61.58; H, 
7.65; N, 8.54; CI. 7.36; S, 6.53. 



EXAMPLE 51 

f±> - f R' . R*) or fR* S1-N N-niflthvi-A-ra.hyHm^.B.M ? s R .to tmhYr1m - 1 

3. 6-tnmRthvl-4.nvrir<i/hh 0 n 2v nhPn 7a miW ft 

Following a literature procedure (Koncewicz, J. and Skrowaezewska, 
Z., Politec. Wroclaw Rocz. Chem., 1968, 42, 1873-85 ( Chem Ah 7n' 
114972u (1968))) 2,5-dimethylpyridine was dissolved in 400 ml glacial acetic 
acid and 30% hydrogen peroxide (55 mL) was added slowly . The mixture 
was heated to 70 °C for 48 hours, with addition of more hydrogen peroxide 
(55 mL) at 5 hours and 20 hours. The reaction mixture was cooled, diluted 
with water, and the solvents removed to give 141 g of crude 2,5- 
dimethylpyridine-N oxide as a pale yellow liquid. 

A solution of 98% sulfuric acid (300 mL) and 90% nitric acid (100 g) 
was chilled in an ice bath. The pyridine-N-oxide (0.933 mol) was added 
slowly to the solution over 2.5 hours (following the literature procedure 
above). The reaction mixture was heated overnight in an 85 °C oil bath. 

After cooling to room temperature, the reaction mixture was divided 
into thirds and each portion was poured into a 4000 mL beaker filled with ice. 
The resulting slurry was slowly basified with 10 M sodium hydroxide. The 
solution was diluted with 500 mL water and extracted with two 2000 mL 
portions of dichloromethane. The combined organic layers were 
concentrated to dryness to give 120.8 g (77%) of 2,5-dimethyl-4- 
nitropyridine-N-oxide as a yellow solid. 
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A portion of the pyridine-N-oxicle (106.4 g ( 0.633 mol) was added 
slowly to 300 g of acetyl bromide at a rate that maintained the reaction 
temperature at 20-30 °C (modification of procedure described in Ochiai, J. 
Org. Chem, Ifi, 549(1953)). After the addition was complete, the reaction 
was heated to 55 °C and left to stir overnight. The reaction mixture was 
cooled to room temperature and then slowly poured over ice. The mixture 
was slowly basified with 10 M sodium hydroxide and extracted with 
chloroform. The chloroform extract was dried over sodium sulfate and then 
concentrated to dryness to give 119.2 g (93%) of 4-bromo-2,5- 
dimethylpyridine-N-oxide. 

A portion of the pyridine-N-oxide (90.0 g, 0.445 mol) was dissolved in 
dichloromethane (1 500 mL) and chilled to 0 °C. Phosphorus tribromide (400 
g) was added slowly , and the reaction was warmed to room temperature 
overnight. 

The mixture was poured onto ice and slowly basified with 10 M 
sodium hydroxide. The solution was extracted with 3000 mL chloroform. 
The chloroform was evaporated to give 56.8 g of a dark red liquid. The liquid 
was distilled (58 °C I 1.5 mm Hg) to give 33.9 g (41%) of 4-bromo-2,5- 
dimethylpyridine as a clear liquid. 

Pyridinium chlorochromate (46.5 g, 0.216 mol) was added to a 
solution of 4-(3-(tert-butyldimethylsilyloxy)-a-hydroxybenzyl)-N,N- 
diethylbenzamide (44.6 g, 0.108 mol) from Example 11 in 600 mL 
dichloromethane at 0 °C. The solution was stirred overnight at room 
temperature and filtered through Celite. The filtrate was concentrated to a 
volume of 150 mL and purified by chromatography on silica gel with ethyl 
acetate (5-40%) in hexane to give 29.4 g (66%) of 4-(3-((tert- 
butyldimethylsilyl)oxy)benzoyl)-N,N-diethylbenzamide as a white solid. 

A portion of the 4-bromo-2,5-dimethylpyridine (15.4 g, 83.0 mmol) was 
dissolved in 500 mL of anhydrous diethyl ether and chilled to -78 °C. n- 
Butyllithium (52 mL, 1.6 M in hexanes) was added dropwise and the resulting 
slurry was stirred for 30 minutes. 4-(3-((tert-butyldimethylsilyI)oxy)benzoyl)- 
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N,N-diethylbenzamide (34.2 g, 83.0 mmol) was dissolved in 250 mL of 
anhydrous diethyl ether and chilled to -78 °C. The lithiated pyridine was 
slowly transferred via cannula to the diarylketone solution. The temperature 
was allowed to rise to -40 °C for 4.5 hours. The reaction was quenched with 
saturated aqueous ammonium chloride. The diethyl ether layer was 
separated, the solvent was removed, and the residue was redissolved in 300 
mL acetonitrile. Tetraethylammonium fluoride hydrate (19.8 g) was added, 
and the reaction was stirred overnight. The solvent was removed, and the 
residue was redissolved in 500 mL 1M hydrochloric acid and washed with 
500 mL of diethyl ether. The pH of the aqueous solution was adjusted to 8 
and the solution was extracted with dichloromethane. The solvent was 
removed and the residue was crystallized from acetonitrile to give 1 6.4 g 
(48%) of (±)-4-(a-(2 I 5-dimethyl-4-pyridyl)-a,3-dihydroxybenzyl)-N,N- 

diethylbenzamide. 

A portion of the product (8.0 g, 20 mmol) was dissolved in 150 mL of 
acetic acid with 70% perchloric acid (t1.4 mL) and 5% palladium on carbon 
(0.80 g) and hydrogenated on a Parr apparatus at 50 psi for 7 days. The 
reaction was filtered through Celite and washed with ethanohwater, 4:1 . The 
solvent was removed, the residue redissolved in water, and the pH adjusted 
to 8 with 10 M sodium hydroxide. The solution was extracted with 
dichloromethane' and the extracts dried over sodium sulfate. The solvent 
was removed to give 6.4 g (84%) of (±)-4-(a-(2,5-dimethyl-4-pyridyl)-3- 

hydroxybenzyl)-N t N-diethylbenzamide as a brown foam. 

The portion of the product (5.4 g, 14 mmol) and methyl tosylate (2.8 g, 
14 mmol) were dissolved in 150 mL of tetrahydrofuran and heated at reflux 
for 2 days. An additional 1 .3 g of methyl tosylate was added and the reaction 
was continued at reflux for another 24 hours. The solvent was removed to 
give 4-(4 , -(diethylcarbamoyl)-3-hydroxybenzhydryl)-1,2,5-trimethylpyridinium 
4-toluenesulfonate as an oil. 

A suspension of sodium borohydride (1.1 g, 28 mmol) in 9 mL ethanol: 
3.5 mL water was chilled to -20 °C. The pyridinium salt from above was 
dissolved in 5 mL ethanol and added dropwise over 1 hour. The reaction 
was stirred for 3 hours at -20 °C and then poured into 60 mL of chilled (-20 
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°C) 6 M hydrochloric acid. The ethanol was removed, the pH was adjusted to 
8 and the solution was extracted with dichloromethane. The extracts were 
dried over sodium sulfate and the solvent removed to give 6.2 g of a brown 
foam. The crude product was purified by chromatography on silica gel with 
ethanol (0-20%) in dichloromethane. The first isomer to elute gave 0.67 g 
(24%) of (±)-(R\ R*) or (R*. S*)-N,N-diethyl-4-(3-hydroxy-a-(1, 2,5,6- 
tetrahydro-1 3,6-trimethyl-4-pyridyl)benzyl)benzamide. NMR (300 MHz, 
CDCl 3 ): 8 1.0 (d, J=6Hz, 3H); 1.1-1.25 (br m,6H); 1.66 (s, 3H); 1.8 (d, J=4Hz. 
2H); 2.3 (s, 3H); 2.35 (m,1H); 2.9 and 3.2 (ABq, J=16Hz, 2H); 3.2-3.6 (br m, 
4H); 5.23 (s, 1H); 6.5 (d, J=8Hz, 1H); 6.6 (d, J=8Hz, 1H); 6.78 (s. 1H); 7.05 (t. 
J=8Hz, 1 H); 7.1 and 7.3 (ABq, J=8Hz, 4H). 

The amine was dissolved, in ethanol and titrated to the 
monohydrochloride salt with ethanolic hydrogen chloride. The ethanol was 
removed, the residue was dissolved in dichloromethane, and the salt was 
precipitated with diethyl ether to give 0.16 g of the hygroscopic salt as a white 
foam. Calc. for C26H34N2O2 HC1 1.75 H 2 0: C, 65.81; H, 8.18; N, 5.90; CI, 
7.47. Found: C, 65.68; H, 7.98; N, 5.96; CI. 7.49. 



FYAMPLE 52 

i+y(R*. R*) orm*. s*VN.N -niPthyi-4-^3-rtY^m*y-"-^l 2 S 6-f fltrahvdro-1 .3.6- 

trimflthvl-4-PY ririynhenzvnhfinzamide. 

The less mobile isomer from the chromatography in Example 51 was 
isolated (0.11 g. 4%). NMR (200 MHz, CDCI3): 5 1.0 (d, J=6Hz, 3H); 1.1-1.3 
(br m, 6H); 1 .6(m, 1 H); 1 .6 (S.3H); 2.1 (br d, J=18Hz); 2.3 (s, 3H); 275 (br m, 
1H); 3.1 (s, 2H); 3.2-3.6 (br m, 4H); 5.2 (s, 1H); 6.55 (d. J=8Hz, 1H); 6.6 (s, 
1H); 6.65 (d. J=8Hz, 1 H); 7.05 (t. J=8Hz. 1 H); 7.1 and 7.25 (ABq, J=8Hz. 4H). 

The amine was converted to the monohydrochloride salt as described 
in Example 51. Calc. for C26H34N2O2 HC1 1.75 H 2 0: C, 65.81; H, 8.18; N, 

5.90; CJ, 7.47. Found: C. 65.71 ; H. 7.99; N. 5.98; CI, 7.53. 
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EXAMPLE 53 

( t l-g-ffaR^-ff-ffgR'.SS^-g.S-DimethvM-DroDvl-l-Dioera^nv nbenzvnnhBnnl 

(±)-3-((aR*)-a-((2R* 1 5S*)-2 I 5-Dimethyl-4-pipera2inyl)benzyl)phenol 
(2.00 g, 6.7 mmol, Example 38) was treated with tert- 
butylchloridimethylsilane (1.52 g, 10.1 mmol) and imidazole (1.14 g. 16.8 
mmol) in dimethylformamide as in Example 6, Method B. The product was 
purified by chromatography on silica gel with dichloromethanerethanol (1- 
7%) to give 1.62 g (3.9 mmol, 59%) of the tert-butyldimethylsilyl ether as a 
yellow oil which was alkylated with 1 -iodopropane (0.39 mL, 4.1 mmol) and 
anhydrous sodium carbonate (2.1 g, 19.5 mmol) in tetrahydrofuran by a 
method similar to that in Example 1. The crude product (1.60 g) was 
deprotected with tetraethylammonium fluoride hydrate (0.90 g, approximately 
5 mmol) in acetonitrile. Chromatography on silica gel with dichloromethane: 
ethanol (1-3%) gave 0.63 g (28% overall) of (±)-3-((aR*)-a-((2R*,5S*)-2,5- 
dimethyl-4-propyl-1-piperazinyl)benzyl)phenol as a white solid. NMR (200 
MHz, DMSO-d 6 ): 8 0.8 (t, J=7Hz. 3H); 0.95 (d. J=6Hz. 3H); 1.1 (d, J=6Hz. 
3H); 1.4 (m, 2H); 1.9 (m, 1H); 2.1 (m, 2H); 2.3-2.7 (m, 4H); 2.8 (br d, J=10Hz, 
1H); 4.9 (s, 1H); 6.6 (d. J=8Hz, 1H); 6.8 (d, J=8Hz, 1H); 6.85 (s, 1H); 7.1 (t, 
J=8Hz, 1H); 7.2-7.4 (m, 5H); 9.25 (s, 1H). The product was converted to the 
monohydrochloride salt as in Example 40 to give 0.55 g (79%) of a white 
solid. Calc. for C22H30N2O HCI 0.25 H 2 0: C, 69.64; H, 8.37; N, 7.38; CI, 
9.34. Found: C. 69.28; H, 8.37; N, 7.35; CI, 9.33. Mass spectrum (CI-CH4): 
m/z 339 (M+1 , 100%). 338 (M+, 33%), 183 (46%), 155 (12%). 

EXAMPLE 54 

(±)-3-(faR*)-fT-rf2S*.5R»^-4-Allv|.2.5.dim^hvl.1.DiD flra 7invn.A^m a thyl. 
SUlfQnvhhpnyyhphonnl 

A solution of 3-hydroxybenzaldehyde (183.6 g, 1.50 mol), tert- 
butylchlorodimethylsilane (227.6 g, 1.50 mol), and imidazole (255.4 g, 3.75 
mol) in 700 mL of dimethylformamide was stirred overnight at room 
temperature. The reaction solution was poured into 1700 mL of water and 
extracted with three 350 mL portions of diethyl ether. The combined ether 
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extracts were washed with two 350 mL portions of 1 .0 M sodium hydroxide, 
350 mL.of water, and 350 mL of saturated aqueous sodium chloride. The 
ether solution was dried over sodium sulfate and the solvent removed to give 
268 g (76%) of 3-(tert-butyldimethylsilyloxy)benzaldehyde as a yellow oil. 

A solution of 4-bromothioanisole (10.0 g f 49.0 mmol) in 60 mL of 
anhydrous tetrahydrofuran was cooled to -78 °C under nitrogen and 32 mL 
(49 mmol) of 1.55 M n-butyliithium in hexane was was added dropwise at a 
rate to maintain temperature below -60 °C. The reaction was stirred an 
additional 15 minutes after addition was complete, and a solution of crude 3- 
(tert-butyldimethylsilyloxy)benzaidehyde (11.6 g, 49 mmol) in 50 mL of dry 
tetrahydrofuran was added dropwise over 20 minutes. The reaction was 
stirred another 30 minutes and quenched at -78 °C with saturated aqueous 
ammonium chloride. After warming to room temperature, the reaction was 
diluted with 200 mL of diethyl ether and washed with 50 mL of water and 50 
mL of saturated aqueous sodium chloride. After drying over sodium sulfate, 
the solvent was removed to give 17.5 g (99%) of crude (4-methyIthio- 
phenyl)(3-tert-butyldimethylsilyIoxyphenyl)methanol as an orange oil. 

A solution of the alcohol (1 6.97 g) in 100 mL of dichloromethane was 
stirred at room temperature during dropwise additon of a solution of m- 
chloroperbenzoic acid (28.74 g, 141 mmol) in 400 mL of dichloromethane. 
After stirring for 1 hour, the reaction mixture was filtered. The filtrate was 
washed with 200 mL of 1 .0 M sodium bisulfite and three 200 mL portions of 
1.0 M sodium hydroxide and dried over sodium sulfate. Evaporation of the 
solvent gave 8.76 g of crude (4-methylsulfonylphenyl)(3-tert- 
butyldimethylsilyloxyphenyl)methanol as a yellow oil. 

1 he alcohol was subsequently treated with thionyl chloride, trans-2,5- 
dimethylpiperazine, and allyl bromide by the procedures described in 
Example 1 to give 1.68 g of crude (±)-trans-4-allyl-1-(a-(3-tert- 
butyldimethylsilyloxyphenyl)-4-methylsulfonylbenzyl)-2,5-dimethylpiperazine 
as a mixture of diastereomers. The isomers were separated by 
chromatography on silica gel (Waters Prep 500A) with 0-0.75% ethanol in 
dichloromethane containing 0.1% triethylamine. The first isomer to elute 
(0.68 g) was deprotected by dissolving in 10 mL of tetrahydrofuran with 2.0 
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mL of 1.0 M tetrabutylammonium fluoride in tetrahydrofuran. The solvent was 
removed and the residue was purified by chromatography on silica gel with 
2.5% methanol in dichloromethane to give (±)-3-((aR*)-cc-((2S*,5R*)-4-allyl- 
2,5-dimethyl-1-piperazinyl)-4-(methylsulfonyl)benzyl)phenoi. 1 H-NMR (300 
MHz, DMSO-d 6 ): 5 0.95 (d, J=6 Hz, 3H); 1 .05 (d, J=6 Hz, 3H); 1 .8 (dd, J 1= 5 
Hz, J 2 =9Hz, 1H); 2.1 (dd, J 1= 5 Hz, J 2 =9Hz, 1H); 2.2-2.4(m, 3H); 2.7 (dd, 
J-|=3 Hz, J 2 =11 Hz, 1H); 2.85 (dd, Ji=6 Hz, J 2 =11 Hz, 1H); 3.1 (m, 1H); 3.1 
(s, 3H); 5.0-5.2 (m, 3H); 5.8 (m, 1 H); 6.7 (m, 3H); 7.1 (t, J=8 Hz, 1 H); 7.6 and 
7.85 (ABq, J=8 Hz, 4H). The product was dissolved in ethanol and converted 
to its dihydrochloride salt with excess ethanolic hydrogen chloride. The salt 
was precipitated with diethyl ether followed by hexane to give the salt as a 
hygroscopic white powder. Calc. for C23H30N2O3S 2 HCI 0.5 H 2 0: C, 

55.64; H. 6.70; N, 5.64. Found: C, 55.70; H, 6.97; N, 5.50. Mass spectrum 
(El): (m/e) 414 (M+, 1.0%); 261 (18%); 153 (100%). 

EXAMPLE 55 

f±V3-ffaR^.a./f2R».5S^.4.Allvl.2:5-dimethvl.1-oi P erazinvn-4-fmethvl- 
sulfonvhbenzvhDhenol 

The second isomer to elute from the chromatography of Example 54 (0.34 g, 
20%) was treated with tetrabutylammonium fluoride and purified in similar fashion 
to give the product as a beige glass. 1 H-NMR (300 MHz, DMSO-de): 5 0.95 (d, J=6 
Hz, 3H); 1.05 (d, J=6 Hz, 3H); 1.88 (dd, J-|=6 Hz. J 2 =10.5 Hz, 1H); 2.11 (dd, Ji=6.5 
Hz, J 2 =11Hz, 1H); 2.4-2.8 (m, 4H); 2.88 (dd, J 1= 7 Hz, J 2 =14 Hz, 1H); 3.14 (dd, J 1= 6 
Hz, J 2 =14 Hz, 1H); 3.23 (s,3H); 5.0-5.2 (m, 3H); 5.8 (m, 1H); 6.6 (d, J=8 Hz, 3H); 6.8 
(m, 2H); 7.1 (t, J=8 Hz, 1H);7.6 and 7.9 (AB q, J=8 Hz, 4H); 9.34 (s, 1H). The 
dihydrochloride salt was prepared as in Example 54 to give a hygroscopic white 
solid. Calc for C 2 3H3 0 N 2 O3 2 HC1 1.25 H 2 0: C, 54.17; H, 6.82; N, 5.49. Found: 

C, 54.16; H, 6.85; N, 5.49. Mass spectrum (El): (m/e) 414 (M+, 0.68%); 261 (9.3%); 
153(100%). 

EXAMPLE 56 

f+W4.ff«R^.«-^2RV5S^-4-Ally|.2.5-dimethvl-1-DinRrazinvn-3-hvdroxv- 
benzvll.N.N-dimethvlbenzflnesulfonamide 
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A 25% aqueous solution of dimethylamine (420 mL, 2.3 mol) was 
diluted with 1000 mL of tetrahydrofuran and added dropwise to a solution of 
p-bromobenzenesulfonyl chloride (200 g, 0.78 mol) in 700 mL of 
tetrahydrofuran. The mixture was diluted with diethyl ether and the organic 
layer was washed with water and saturated aqueous sodium chloride and 
dried over sodium sulfate. Evaporation of the solvent gave 195.4 g (95%) of 
4-bromo-N,N-dimethylbenzenesulfonamide as white crystals, mp 90-92 °C 
(lit. 94 °C. J. Am. Chem.Soc. 45, 2696 (1923)). 

The sulfonamide (97.45 g f 0.37 mol) was subsequently treated with n- 
butyllithium and 3-(tert-butyldimethylsilyloxy)benzaldehyde as described in 
Example 54 t and the product was purified by chromatography on silica gel 
with hexane:ethyl acetate to give 89.5 g (57%) of 4-(3-(tert-butyldimethyl- 
silyloxy)-a-hydroxybenzyl)-N f N-dimethylbenzenesulfonamide as a yellow oil 

which crystallized on standing. A portion was recrystailized from 
ethanokwaterto give white crystals, mp 100-103 °C. NMR (CDCI3 ,60 MHz): 
8 0.1 (s. 6H); 0.9 (s, 9H); 2.6 (s, 6H); 3.5 (br s, 1 H); 5.7 (s, 1 H); 6.5-7.7 (m f 8H). 

The alcohol (88.8 g, 0.21 mol) was treated with thionyl chloride in 
dichloromethane as described in Example 1 to give 93.7 g of 4-(3-(tert- 
butyldimethylsilyloxy)-a-chlorobenzyl)-N,N-dimethylbenzenesulfonamide as 

a brown oil. The crude benzhydryl chloride (93.7 g, 0.21 mol) was combined 
with trans-2,5-dimethyipiperazine (71 .8 g, 0.63 mol) in 400 mL of 
dimethylformamide and heated to 140 °C for 1 hour. The mixture was cooled 
to room temperature, poured into ice water and extracted with diethyl ether. 
The ether extracts were washed with 1 M sodium hydroxide, water, and 
saturated aqueous sodium chloride, and dried over sodium sulfate. The 
solvent was removed and the residue was purified by chromatography on 
silica gel with dichloromethanermethanol to give 28.9 g (27%) of trans-4-(a- 
(2,5-dimethyl-1-piperazinyl)-3-(tert-butyldimethylsilyloxy)benzyl)-N,N- 
dimethylbenzenesulfonamide as a brown oil. 

The benzhydrylpiperazine was treated with allyl bromide as in 
Example 1 and purified by chromatography on silica gel (Waters Prep 500) 
with 0.3-0.5% ethanol in dichloromethane containing 0.1% triethylamine to 

122 



WO 93/15062 



PCI7GB93/00216 



give 17.34 g of a light brown glass. The product was treated with 
tetrabutylammonium fluoride in tetrahydrofuran as in Example 54. The two 
diasteromers of the product were separated by chromatography on silica gel 
(Waters Prep 500) with 0.3-3.0 % ethanol in dichloromethane containing 
0.1% triethylamine. Elution of the more mobile isomer provided 4.94 g (36%) 
of (±)-4-((aR*)-a-((2R*,5S*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyO-N.N-dimethylbenzenesulfonamide as a white solid, mp 205- 
207 °C. 1 H-NMR (300 MHz, CDCI 3 ): 5 1 .05 (d, J=6 Hz, 3H); 1 .2 (d, J=6 Hz, 
3H); 1 .9 (br m, 1 H); 2.2 (br m, 1 H); 2.5-2.75 (m, 3H); 2.7 (s, 6H); 2.85 (dd, 
Jl=9 Hz, J 2 =10 Hz, 1H); 2.95 (br m. 1H); 3.35 (br m, 1H); 5.15-5.3 (m, 3H); 
5.9 (m, 1H); 6.7 (dd, J 1=s 8 Hz, J 2 =2 Hz, 1H); 6.85 (d, J=8 Hz, 1H); 6.9 (s, 1H); 
7.15 (t, J=8 Hz, 1 H); 7.4 and 7.75 (AB q, J=9 Hz, 4H). Mass spectrum (Cl- 
CH 4 ) m/e 444 (M+1 , 100%); 292 (15%); 153 (52%). The product was treated 
with excess ethanolic hydrogen chloride and the dihydrochloride salt was 
precipitated with diethyl ether and hexane to give 3.1 9 g (66%) of a 
hygroscopic white powder. Calc. for C24H33N3O3S 2 HC1 1 .5 H 2 0: C, 
53.03; H, 7.05; N, 7.73; S, 5.90; CI, 13.04. Found: C, 53.09; H, 7.07; N, 7.73- 
S, 5.94; CI, 13.11. 

EXAMPLE S7 

fc)-4-((<xR*)-or.((2S«.5R*)-4-Allvl-?.5.riimpthvl.i.pip ^ a 7in V h.a.hvHrov y . 
benZVn-N.N-rlimethvlhflnyp nesiilfnnamiHo 

The less mobile isomer from the chromatography of Example 56 was 
obtained as a pale beige glass. 1 H-NMR (300 MHz, CDCI3): 8 1 .0 (d, J=6 
Hz, 3H); 1.2 (d, J=6 Hz, 3H); 1.9 (dd, J 1= 10 Hz, Hz. 1H); 2.15 (dd, 
Jl=9.5 Hz, J 2 =11 Hz, 1H); 2.5 (m, 2H); 2.6-2.9 (m, 3H); 2.7 (s, 6H); 3.45 (dd, 
J1=5 Hz, J 2 =13 Hz, 1H); 5.1-5.3 (m, 3H); 5.9 (m, 1H); 6.55 (s, 1H); 6.55 (d, 
J=8 Hz, 1H); 6.65 (d, J=8 Hz, 1H); 7.15 (t, J=8 Hz, 1H); 7.6 and 7.65 (AB q, 
J=8 Hz, 4H). The dihydrochloride salt was obtained as hygroscopic white 
solid. Calc. for C 24 H33N30 3 S 2 HCI H 2 0: C. 53.93; H, 6.93; N, 7.86; S, 
6.00; CI, 13.26. Found: C, 53.68; H, 7.36; N, 7.34; S, 5.93; CI. 13.15. 

EXAMPLE 58 
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w.A./rfYR'Vrt.^9R*5S^.4.Al i V i-9S^imeth V l-1-ninftra7invlV3-hvdrQXY- 
henzvn-N.N-riiflthvlbenzp nefiulfonamide 

The procedure of Example 56 was followed starting with 4- 
bromobenzenesulfonyl chloride and diethylamine. The final diastereomeric 
mixture was separated by chromatography in similar fashion. Elution of the 
more mobile isomer gave a pale brown glass. 1 H-NMR (300 MHz, DMSO- 
d 6 ): 5 0.95 (d. J=6 Hz, 3H); 1 .05 (d, J=6 Hz, 3H); 1 .05 (t, J=7 Hz, 3H); 1 .8 (m, 
1H); 2.1 (m, 1H); 2.4-2.6 (m, 6H); 2.7 (m, 1H); 2.9 (m, 1H); 3.1 (q, J=7 Hz, 4H); 
3.1 (m. 1H); 5.0-5.2 (m, 3H); 5.8 (m, 1H); 6.6 (d, J=8 Hz, 1H); 6.75 (d, J=8 Hz, 
1.H); 6.8 (s, 1 H); 7.05 (t. J=8 Hz, 1 H); 7.5 and 7.75 (ABq, J=8 Hz, 4H). The 
dihydrochloride salt was obtained as a hygroscopic beige solid. Calc. for 
C26H37N3O3S 2 HCI H 2 0: C, 55.51 ; H, 7.35; N, 7.47; S, 5.70; CI, 12.60. 
Found: C, 55.42; H, 7.41 ; N, 7.39; S, 5.73; CI, 1 2.73. Mass spectrum (El) 
m/e: 471 (M+, 1 .03%); 31 8 (9.2%); 1 53 (1 00%). 

EXAMPLE 59 

W-A-^ffR^-a-f^SVSR'M-A ilyl-g-S-dimethvl-l-oiDerazinvlVS-hvdroxv- 
henzvn-N.N-d iathvlbBnzanftsulfonamide 

Elution of the less mobile isomer from the chromatography of Example 
58 gave a pale brown glass. 1 H-NMR (300 MHz, CDCI3): 8 1 .05 (d, J=6 Hz, 
3H); 1 .15 (t, J=7 Hz. 6H); 1 .2 (d, J=6 Hz, 3H); 1 .9 (dd, J-i-10 Hz, J 2 =12 Hz, 
1 H); 2.35 (dd, J 1= 10 Hz, J 2 =1 2 Hz. 1 H); 2.5 (m, 2H); 2.65 (m, 1 H); 2.9 (dd, 
J 1=9 Hz, J 2 =12 Hz, 2H); 3.25 (q, J=7 Hz, 4H); 3.45 (m, 1 H); 5.15-5.3 (m, 3H); 
5.9 (m. 1H); 6.55 (d. J=8 Hz, 1H); 6.55 (s, 1H); 6.6 (d, J=8 Hz. 1H); 7.15 (t, J=8 
Hz, 1 H); 7.55 and 7.7 (AB q, J=8 Hz, 4H). The dihydrochloride salt was 
obtained as a hygroscopic white solid. Calc. for C 2 6H37lM303S 2 HCI H 2 0: 
C, 55.51 ; H. 7.35; N, 7.47; S, 5.70; CI, 12.60. Found: C, 55.48; H, 7.45; N, 
7.39; S, 5.77; CI. 12.56. Mass spectrum (El) m/e: 471 (M+, 0.2%); 318 (5%); 
153(100%). 

EXAMPLE 60 
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teRM-fl^2S\5RM-4>Allvl-2.S dimethvl-1 -Dinerazinvll-3-hvdroxv- 
ben2vn*N-ethvl-N-(2-hvdroxvethvhbanzamide 

The compound was synthesized by the method of Example 6, Method 
A, using N-(2-hydroxyethyl)ethylamine to prepare the amide. 1 H-NMR (200 
MHz, DMSO-d 6 ) 5 0.96 (d, J=6 Hz f 3H); 1.0-1.2 (br m. 3H); 1.09 (d, J=6 Hz, 
3H); 1.85 (dd, J 1= 7.6 Hz, J 2 =11.4 Hz, 1H); 2.10(dd, J 1= 7.4 Hz, J 2 *10.4 Hz, 
1H); 2.52-2.6 (br m. 3H); 2.74 (d, J=1 1 Hz, 1H); 2.86 ((dd, ^=7 Hz, J 2 =14 Hz, 
1H); 3.18 (dd, J^5 Hz, J 2 =15 Hz, 1H); 3.1-3.7 (br m, 6H); 4.78 (t, J=5 Hz, 
1 H); 5.00 (s, 1 H); 5.1 1 (d, J=1 0 Hz, 1 H); 5.1 8 (d, J-1 7 Hz, 1 H); 5.8 (m, 1 H); 
6.68 (d, J=8 Hz, 1H); 6.70 (s, 1H); 6.72 (d ( J=8 Hz, 1H); 7.16 (t, J=8 Hz, 1H); 
7.31 and 7.43 (AB q ( J=8 Hz, 4H). The product was dissolved in ethanol and 
titrated to pH 3.8 with ethanolic hydrogen chloride to give the 
monohydrochloride salt. Calc for C27H37N3Q3 HC1 1.25 H 2 0: C, 63.51 ; H, 

7.99; N, 8.23; CI, 6.94. Found: C, 63.62; H, 8.02; N, 8.09; CI, 7.01. 

EXAMPLE 61 

or S*M^5R«M-allvl-2.5-dimethv l-1 -DiperazinvlW2-thiazolvn- . 

methyDphepp! 

A solution of 1 .6 M n-butyllithium in hexane (206 mL, 0.33 mol) was 
cooled to -45 °C under nitrogen. A slurry of 2-bromothiazole (50 g f 0.30 mol) 
in 75 mL of diethyl ether was added in portions, maintaining a temp between 
•35 °C and -45 °C. The resulting dark brown solution was stirred an 
additional 15 minutes at -40 °C before adding 3-(tert- 
butyldimethylsilyloxy)benzaldehyde (70.9 g, 0.30 mol, Example 54, infra) 
dropwise via syringe at a rate to maintain temperature between -25 °C and 
-35 °C. The resulting mixture was stirred an additional 30 minutes at -15 °C, 
then poured into a mixture of 1 L ice/600 mL 1 M HCI. The organic phase 
was dried over sodium sulfate, and evaporated to give a brown oil. 
Chromatography on silica gel with hexane:ethyl acetate (gradient from 90:10 
to 80:20) gave 25.5 g (26.4%) of a-(2-thiazolyl)-3-((tert-butyldimethyl- 
silyl)oxy)benzyl alcohol as a viscous yellow oil. 
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Thionyl chloride (0.33 mL, 4.58 mmol) was added to a solution of the 
alcohol (1.0 g, 3.27 mmol) in 50 mL of dichloromethane. After stirring for 16 
hours the solvent was evaporated, the residue was redissolved in toluene 
and evaporated again to drive off excess thionyl chloride. 

A mixture of the crude diarylchloromethane (approximately 3.27 * 
mmol), N-aIlyl-trans-2,5-dimethylpiperazine (1.26 g, 8.2 mmol, Example 42) 
and 50 mL of acetonitrile was heated to reflux under nitrogen for 16 hours. , 
The solution was evaporated and the residue was partitioned between ethyl 
acetate and 0.1 M aqueous sodium hydroxide. The organic layer was 
washed twice more with 0.1 M aqueous sodium hydroxide and once with 
water, dried over sodium sulfate, and evaporated to 1.1 g of red-black oil. 
Chromatography on silica gel with hexane:ethyl acetate (gradient from 80:20 
to 50:50) yielded two products in order of elution: 300 mg (20.0 %) of (±)-3- 
((FT or S*).((2S*,5R*)-4-allyl-2 f 5-dimethyM.piperazinyl)(2.thia20lyl)- 
methyl)phenol, tert-butyldimethylsilyl ether, and 280 mg (18.7 %) of (±)-3-((S* 
or R*)-((2S\5R>4-allyl-2 I 5-dimethyl-1-piperazinyl)(2-thia20lyl)methyl^ 
phenol, tert-butyldimethylsilyl ether. 

The first material to elute, (±)-3-((R* or S>((2S*,5R*)-4-alIyl-2,5- 
dimethyl-1-piperazinyl)(2-thia2olyl)methyl)phenol ( tert-butyldimethylsilyl 
ether (2.65 g, 5.79 mmol), was combined with tetraethylammonium fluoride 
hydrate (1.86g, approximately 9.8 mmol) and 200 mL of acetonitrile and 
stirred at room temperature for 1 6 hours under nitrogen. The solvent was 
removed by evaporation and the residue was dissolved in dichloromethane, 
washed three times with pH 8 buffer solution, dried over sodium sulfate and 
evaporated to a brown glass. Chromatography on silica gel with 
dichloromethane:methanoi/ 95:5 yielded 620 mg of (±)-3-((R* or S*)- 

((2S*,5R*)-4-allyl-2,5-dimethyl-1-pipera2inyl)(2-thiazolyl)methyI)phenol as a 
tan solid. 1 H-NMR (300 MHz, DMSO-d 6 ) 5 0.88 (d, J=5.9 Hz, 3H); 1 .17 (d, 

J=6.0 Hz, 3H); 1.65 (m,1H); 2.00 (m, 1H); 2.40 (m, 1H);2.60 (m, 2H);2.78 (m, 

2H); 3.25 (m, 1H); 5.13 (m, 2H); 5.36 (s, 1H); 5.80 (m, 1H); 6.69 (m ( 3H); 7.15 

(t, J=7.8 Hz, 1 H); 7.63 (d, J=3.2, 1 H); 7.69 (d, J=3.3, 1 H) 9.34 (s f 1 H). The 

amine was dissolved in ethanol and converted to the monohydrochloride salt * 

by titration to pH 3.7 with ethanolic hydrochloric acid. The solvent was 

removed by evaporation and the salt was dissolved in 



126 



WO 93/15062 



PCT/GB93/00216 



dichloromethane/ethanol, followed by precipitation with diethyl ether to give 
400 mg of a tan solid, mp1 27-1 30 °C. Calc. for C19H25N3OS HCI 0.25 
H 2 0: C, 59.36; H, 6.95; N, 10.93; CI, 9.22; S. 8.34. Found: C, 59.23; H, 6.97; 
N, 10.81; CI. 9.17; S, 8.28. 

EXAMPLE 62 

or R^-(r2Sr5RM.4.ally|.2.5.dimethYl.1- D ip e r a 2invlV2-thiazolvh- 

methyDphenol 

The second material to elute from the column of Example 61 , (±)-3- 
((S* or R*)-((2S*,5R>4-allyl-2,5-dimethyl-1 -piperazinyl)(2-thiazolyl)- 
methyl)phenol, tert-butyldimethylsilyl ether (1 .23g, 2.70 mmol), was 
combined with tetraethyiammonium fluoride hydrate (860 mg, approximately 
4.5 mmol) and 250 mL of acetonitrile and stirred at room temperature for 16 
hours under nitrogen. The solvent was removed by evaporation and the 
residue was dissolved in dichloromethane, washed three times with pH 8 
buffer solution, dried over sodium sulfate and evaporated to a brown glass. 
Chromatography on silica gel with dichloromethane:methanol/ 94:6 yielded 
480 mg of (±)-3-((S* or R*)-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)(2- 
thiazolyl)methyl)phenol as a tan solid. 1 H-NMR (300 MHz, DMSO-d 6 ): S 

0.90 (d, J=5.8 Hz. 3H);1.11 (d, J=6.1 Hz, 3H); 2.00 (m,1H);2.14 (m, 1H);2.38 
(m, 1 H); 2.43 (m, 1 H); 2.60 (m, 1 H); 2.70 (m, 1 H); 2.78 (m, 1 H); 3.25 (m, 1 H); 
5.1 B (m, 2H); 5.61 (s, 1 H); 5.80 (m, 1 H); 6.63 (dd. J=1 .1 , 7.8); 6.71 (d, J=7.8. 
1 H); 7.1 0 (t, J=7.9 Hz, 1 H); 7.74 (d, J=3.2, 1 H); 7.87 (d, J=3.3, 1 H) 9.34 (s, 
1H). The amine was dissolved in ethanol and converted to the 
monohydrochloride salt by titration to pH 3.7 with ethanolic hydrochloric acid. 
The solvent was removed by evaporation and the salt was dissolved in 
dichloromethane/ethanol, followed by precipitation with diethyl ether to give 
150 mg of a tan solid, mp 124-1 28 °C. Calc. for C19H25N3OS HCI 0.25 
H 2 0: C, 59.36; H, 6.95; N, 10.93; CI, 9.22; S, 8.34. Found: C, 59.21 ; H, 6.98; 
N, 10.85; CI, 9.18; S, 8.28. 

EXAMPLE 63 
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phenol 

3-Bromophenoxy-tert-butyldimethylsilane (57.5 g, 0.20 mol,Example 
1, infra) was dissolved in 300 mL of dry tetrahydrofuran under nitrogen and 
cooled to -78 °C. A solution of 1.6 M n-butyllithium in hexane (125 mL, 0.20 
mol) was added dropwise at a rate to maintain a temperature below -70 °C. 
The reaction was stirred for thirty minutes after the addition was complete 
and the cold solution was transferred to another vessel containing a -40 °C 
solution of magnesium bromide (37.8 g, 0.205 mol) in 600 mL of dry 
tetrahydrofuran under nitrogen. The resulting solution was allowed to warm 
to -15 °C while stirring. After one hour a solution of thiophene-3- 
carboxaldehyde (22.4 g, 0.20 mol) in 200 mL of dry tetrahydrofuran was 
added slowly at a rate to maintain a temperature below 25 °C. The resulting 
solution was stirred for 30 minutes at room temperature, then washed twice 
with aqueous ammonium chloride, dried over sodium sulfate and 
evaporated to give a brown oil. Chromatography on silica gel with 
hexane:dichloromethane (gradient from 3:1 to 1:1) gave 44.1 g (69%) of 3- 
((tert-butyldimethylsilyl)oxy)-a-(3-thienyl)benzyl alcohol as a viscous yellow 

oil. 

Thionyl chloride (7.6 mL, 0.104 mol) was added to a solution of the 
alcohol (23.8 g, 0.074 mol) in 400 mL of dichloromethane. After stirring for 3 
hours the solvent was evaporated, and the residue was redissolved in 
toluene and evaporated again to drive off excess thionyl chloride. 

A mixture of the crude diarylchloromethane (approximately 0.074 mol), 
N-allyl-trans-2,5-dimethylpiperazine, (Example 42, infra, 28.5 g, 0.185 mol) 
and 400 mL of acetonitrile was heated at reflux under nitrogen for 24 hours. 
The solution was cooled to room temperature and evaporated. The residue 
was redissolved in dichloromethane and washed three times with aqueous 
pH 8 buffer solution, dried over sodium sulfate, and evaporated to a dark oil. 
The product was purified by chromatography on silica gel with 
dichloromethane:ethyl acetate/98:2 to give two isomers. 
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The first isomer to elute was (±)-3-((R>((2S*,5R*)-4-allyl-2,5 : 
dimethyl-1-piperazinyl)(3-thienyl)methyl)phenol, tert-butyldimethylsilyl ether 
(12.27 g, 36%). A portion (3.1 g, 6.79 mmol) was deprotected with 
tetraethylammonium fluoride hydrate as in Example 44. Chromatography on 
silica gel with dichloromethane:ethyl acetate/3:1 gave 1.6 g of (±)-3-((R*)- 

((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)(3-thienyl)methyl)phenol as a 
yellow foam. 1 H-NMR (300 MHz, DMSO-d 6 ): 8 0.91 (d, J=6.2 Hz, 3H); 1.08 

(d, J=6.2 Hz, 3H); 1.79 (m, 1H); 2.00 (m, 1H); 2.45 (m. 1H); 2.62 (m, 2H); 2.80 
(m, 1H); 3.21 (m, 1H); 3.32 (d, J=7.0 Hz, 1H); 5.14 (m, 2H); 5.80 (m, 1H); 6.68 
(m. 3H): 6.98 (d, J=5.0 Hz. 1H); 7.15 (m, 2H); 7.45 (dd, ^=4.9 Hz,J 2 =3.0 Hz, 
1H); 9.31 (s, 1H). The amine was dissolved in ethanol and converted to the 
monohydrochloride salt by titration to pH 3.5 with ethanolic hydrochloric acid. 
The solvent was removed by evaporation and the salt was dissolved in 
dichioromethane, followed by precipitation with diethyl ether to give 1.3 g 
(50%) of an off-white solid, mp140-142 °C. Calculated for C 2 oH 2 eN 2 OS HCI 
0.25 H 2 0: C, 62.65; H, 7.23; N. 7.31; CI, 9.25; S, 8.36. Found: C, 62.49; H, 
7.27; N, 7.33; CI, 9.25; S, 8.32. 



EXAMPLE 64 

(±)-3-(fR*)-((2R*,5S-M-Allvl-2.5-dimethvl-1-niDerazinvnf3.th i e n V nmethyn- 

phenol 

The second isomer to elute from the column of Example 63 was (±)-3- 
((R*)-((2R*,5S*)-4-allyl-2,5-dimethyl-1-piperazinyl)(3-thienyl)methyl)phenol, 
tert-butyldimethylsilyl ether (11.15 g, 33%). A portion (3.0 g, 6.57 mmol) was 
deprotected with tetraethylammonium fluoride hydrate as in Example 44. 
Chromatography on silica gel with dichioromethane :ethy I acetate/3:1 gave 
1.6 g of a white solid. 1 H-NMR (300 MHz, DMSO-d6): 8 0.89 (d, J=6.1 Hz, 
3H); 1.09 (d, J=6.1 Hz, 3H); 1.79 (m, 1H); 2.01 (m. 1H); 2.34 (m, 1H); 2.50 (m, 
1H); 2.70 (m, 2H); 3.25 (m, 1H); 3.31 (d, J=7.1 Hz, 1H); 5.19 (m, 2H); 5.80 (m, 
1H); 6.58 (m, 1H); 6.73 (d, J=7.7 Hz, 1H); 6.80(d, J=1.0 Hz, H); 6:92 (dd, 
Jl=4.8.Hz,J 2 =0.8 Hz, 1H); 7.07 (t. J= 7.8 Hz, 1H); 7.40 (dd, J 1= 2.8 Hz, J 2 « 
1.1 Hz, IH); 7.51 (dd, J-|=4.5 Hz, J 2 =2.9 Hz, 1H); 9.22 (s, 1H). The amine was 
dissolved in ethanol and converted to the monohydrochloride salt by titration 
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to pH 3.6 with ethanolic hydrogen chloride. The solvent was removed by 
evaporation and the salt was dissolved in dichloromethane, followed by 
precipitation with diethyl ether to give 1.25 g (49%) of an off-white solid mp 
138-140 °C. Calc. for C 20 H 2 6N2OS HCI 0.40 H 2 0: C. 62.21; H, 7.26. N, 
7.25; CI. 9.18; S. 8.30. Found: C. 62.19; H. 7.25; N, 7.15; CI, 9.24; S, 8.29. 



FYAMPLE 65 

{_).q.^W/9R.g?H.AIIvl.^^^ 
phenol 

(±)-3-((R*)-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)(3- 
thienyi)methyl)phenol (2.74g. 8.0 mmol. Example 63) was added to a 
solution of 6.18 g (16 mmol) of (-)-di-p-toluoyl-L-tartaric acid in 20 mL of. 
absolute ethanol. The mixture was warmed to complete solution, cooled and 
allowed to crystallize at room temperature. After four recrystallizations, the 
salt was dissolved in 20 mL of 1N aqueous sodium hydroxide, and the 
solution was titrated to pH 8 with 6N hydrochloric acid. The precipitated 
amine was collected by filtration and recrystaliized from absolute ethanol to 
give 0.21 g of (-)-3.((S)-((2R.5S)-4-allyl-2,5-dimethyl-1-piperazinyl)(3- 

thienyl)methyl)phenol as white crystals, mp 193-194 °C. [a] D = -3.2 0 (ethyl 
acetate c=1.4). HPLC on p-cyclodextrin with methanol:0.1 M ammonium 
acetate'/ 1:1 gave one peak at t R =7.8 min. Calc. for C20H26N2OS: C. 
70.14; H, 7.65: N. 8.18: S. 9.36. Found: C. 70.24; H, 7.69; N. 8.23; S. 9.42. 



FXAMPLE 66 

mflthvnohenol 

A solution of 6.33 g (16.4 mmol) of (+)- p-ditoluoyl-D-tartaric acid in 15 
mL of absolute ethanol was added to a suspension of 3.46 g of (±)-3-((R # )- 
((2S*.5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)(4-bromo : 2-thienyl)methyl)- 
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phenol (Example 42) in 10mL of absolute ethanol. The mixture was heated 
to boiling and the resulting clear solution was allowed to crystallize at room 
temperature. After five recrystallizations, the salt was converted to the free 
amine as in Example 65 and recrystallized from absolute ethanol to give 
0.50 g (15% of theoretical for one enantiomer) of (-)-3-((R)-((2S, 5R)-4-allyl- 
2.5-dimethyl-1-piperazinyl)(4-bromo-2-thienyl)methyl)phenol as white 

crystals, mp 183-185 °C [a]D°=-14.0° (tetrahydrofuran, c=2.1). HPLC on B- 
cyclodextrin with methanols. 1 M ammonium acetate / 1:1 gave one peak at 
tR = 8.1 min. Calc. for C20H25BrN2OS: C, 57.00; H, 5.98; N, 6.65; Br, 18.96; 
S, 17.61. Found: C, 56.90; H, 6.03; N, 6.57; Br, 18.92; S, 7.52. 



EXAMPLE 67 

^.\.a-^RV^2S-SRV4-Allvl-? S-riimethvl-1-pinaraanvn(P-thienvnmethvn- 
phenol 

(-)-3-((R)-((2S,5R)-4-Allyl-2,5-dimethyl-1-piperazinyl)(4-bromo-2-thi- 
enyl)methyl)phenol (0.53 g, 1.3 mmol , Example 66) was debrominated with 
n-butyllithium as in Example 9. The crude product was recrystallized from 
acetonitrile to give 0.33 g (77%) of (-)-3-((R)-((2S,5R)-4-allyl-2.5-dimethyl-1- 
piperazinyl)(2-thienyl)methyl)phenol as beige crystals, mp 176-178 °C, 
[a]Q°= -23.3° (ethyl acetate, c = 1.5). HPLC on B-cyclodextrin with methanol : 
0.1 M aqueous ammonium acetate / 1 :1 gave one peak at tR = 8.5 min. Calc. 
for C 2 0H26BrN2OS 0.25 H 2 0: C. 69.23; H, 7.70; N, 8.07; S, 9.24. Found: 
C, 68.86; H. 7.47; N, 8.27; S, 9.06. The product (0.30 g, 0.87 mmol) was 
treated with ethanolic hydrogen chloride as in Example 42 to give 0.201 g 
(61%) of the monohydrochloride salt. Calc. for C20H26BrN2OS HCI 0.75 
H20: C, 61 .21 ; H, 7.32: N. 7.1 2; S, 8.1 7; CI, 9.03. Found: C, 61,35; H, 7.01; 

20 

N.7.30; S. 8.1 6; CI, 9.1 1 . [a]g , » -1 1 .9° (ethanol. c=1 .05). 



FXAMPIE 68 
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f^^)^3-f(S^a2R■5S)-4-Allvl^2.5-dimethvl-1•DiDe^a2in V IU4.brQm Q -2.thien V l^. 
methvhohenol 

A solution of 4.22 g (11 mmol) of (-)- p-ditoluoyl-L-tartaric acid in 15 

mi. of absolute ethanol was added to a suspension of 2.3 g (5.5 mmol) of (±)- 

3-((R # )-((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)(4-bromo-2-thienyl)- 

methyl)phenol (Example 42) in 5 mL of absolute ethanol. The mixture was 

heated to boiling and the resulting clear solution was allowed to crystallize at 

room temperature. After three crystallizations, the salt was converted to the 

free amine as in Example 65 and recrystallized from absolute ethanol to give 

0.490 g (43% of theoretical for one enantiomer) of (+)-3-((S)-((2R,5S)-4-allyl- 

2,5-dimethyl-1 -piperazinyl)(4-bromo-2-thienyl)methyl)phenol as white 

crystals, mp 183-185 °C. Absolute configuration was determined by x-ray 
20 

crystallography. [a] D = + 14.5° (tetrahydrofuran, c= 3.3). HPLC on p- 

cyclodextrin with methanol : 0.1 M ammonium acetate / 1 :1 gave one peak at 
tR = 1 1 min. Calc. for C20H25BrN2OS: C. 57.00; H, 5.98; N, 6.65; Br, 18.96; 
S, 7.61 . Found: C. 56.93; H, 5.99; N, 6.67; Br, 19.04; S, 7.67. 



EXAMPLE 69 

(^-3-ffSVa2R.5S^4.AHyl -2.5^dimethvl.1.pinerazinvl>r2-thienvlVmethvn. 
Phenol 

This compound was prepared as in Example 67 starting with (+)-3- 
((S)-((2R,5S)-4-allyl-2,5-dimethyl-1-piperazinyl)(2-thienyl)methyl)phenol 
(Example 68). The product was obtained as light beige crystals, mp 179-181 
°C. HPLC on p-cyclodextrin with methanol:0.1 M ammonium acetate / 1:1 

20 

gave one peak at tR = 8.9 min. [a] D = + 21.8° (ethyl acetate, c = 1.2). Calc. 
for C20H26BrN2OS: C, 70.14; H, 7.65; N, 8.18; S, 9.36. Found: C, 69.89; H, 
7.65; N, 8.14; S, 9.42. 

EXAMPLE 70 
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(-)-3-(f«R)-q-«2R.5SM-Allv^ 

ohsnsl 

The mother liquors from the di-p-toluoyl-D-tartrate crystallizations in 

Example 72 were combined and evaporated to dryness. The residue was 

dissolved in 1N aqueous sodium hydroxide and titrated to pH 8 with 6N 

hydrochloric acid. The resulting slurry was extracted with dichloromethane, 

and the extracts were dried over sodium sulfate and evaporated to give 5.1 g 

of a white solid. A solution of (-)-di-p-toluoyl-L-tartaric acid (10.0 g, 24.7 

mmol) in 150 mL of absolute ethanol was added. The solution was 

evaporated to dryness and the residue was recrystallized three times from 

90% aqueous ethanoL The crystalline ditoluoyl-L-tartrate salt was converted 

to the free amine as in Example 72. Recrystallization from absolute ethanol 

gave 0.100 g of (-)-3-((aR)-a-((2R ( 5S)-4-allyl-2 ( 5-dimethyl-1-piperazinyl)-4- 

20 

bromobenzyl)phenol as white crystals, mp 211-213 °C, [ol]q = -7.8 0 
(tetrahydrofuran, c = 2.4). HPLC on p-cyclodextrin with methanol : 0.1 M 
ammonium acetate / 1:1 gave one peak at tR = 9.1 min. Calc. for 
C22H27BrN20: C, 63.61; H, 6.55; N. 6.74; Br, 19.24. Found: C, 63.54; H, 
6.54; N, 6.69; Br. 19.29. 



EXAMPLE 71 

(•)'3-f(ffRVff-a2R.5SM.AIIvl.2.5.dimeth V l-1.Di D era7in V nhfl nzvhnhflnnl 

A solution of (-)-3-((aR)-a-((2R,5S)-4-allyl-2,5-dimethyl-1 -piperazinyl)- 
4-bromobenzyl)phenol (3.00 g, 7.2 mmol), from Example 70, in 80 mL of dry 
tetrahydrofuran was cooled to -78 °C. n-Butyllithium (9.9 mL of a 1.6 M 
solution in hexanes) was added at a rate to keep the temperature below -70 
°C. After stirring at -78 °C for 30 minutes, the reaction was quenched with 1 5 
mL of saturated aqueous ammonium chloride, warmed to room temperature, 
diluted with water and extracted with ethyl acetate. The ethyl acetate extracts 
were combined, dried over sodium sulfate, and the solvent removed under 
vacuum to give a white solid which was recrystallized from acetonitrile to give 
2.11 g (88%) of (-)-3-((aR)-a-((2R,5S)-4-allyl-2,5-dimethyl-1- 
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20 

piperazinyl)benzyl)phenol as white crystals, mp 195-197 °C. [al D = -2.8° 
(tetrahydrofuran. c = 1.6). HPLC on p-cyclodextrin with 
ammonium acetate / 1:1 gave one peak at t R = 8.4 mm. NMR (DMSO-d 6 . 
200 MHz): 6 0.95 (d. J=6 Hz. 3H); 1.1 (d. J=6 Hz. 3H); 1.8 (dd. Jl | -7 Hz 
J 2 ,1 1 Hz. 1H); 2.1 (dd. J1=7 Hz. J 2 =9 Hz. 1H); 2.4-2.8 (m. 4H); 2.9 jdd LJ1-7 
Hz J2=14 Hz. 1H); 3.15 (dd. Ji=5 Hz. J 2 =14 Hz. 1H); 4.95 (s. 1H): 5.1 (d. 
J=10Hz 1H);5.2 (d. J=18 Hz. 1H); 5.8 (m,1H); 6.6 (d. J=8 Hz. 1H); 6.8 (d. 
J=8 Hz. 1H); 6.95 (s. 1H); 7.1 (t. J=8 Hz. 1H); 7.3 (m. 5H); 9.2 1 (s 1 1H) Mass 
spectrum (Cl-CH 4 ) m/z: 337 (M + 1, 69%); 336 (M + , 15%); 183 (100%); 153 
(92%). Calc. for C22H28N20: C. 78.53; H. 8.39; N. 8.33. Found: C. 78.37; 
H, 8.47; N, 8.38. 

The product was suspended in absolute ethanol. titrated to pH 4 with 
ethanolic hydrogen chloride, and the resulting solution concentrated and 
treated with diethyl ether to precipitate the. monohydrochloride salt as a white 
solid (0.172 g, 78%). Calc. for C22H28N20HCI 0.5 H 2 0: C, 69.18; H, 7.92, 
N. 7.33; CI, 9.28. Found: C. 69.10; H. 7.92; N. 7.33; CI. 9.33. 



FYAMPLE 72 

H .ft.ff W RWf2 fi ^p^-A-Allvl-ps-dim P thvl-1-ninp,^azi^YlV4-h^Q^^oh9n^Yl)- 

phenol 

A solution of (+)-di-p-toluoyl-D-tartaric acid (12.72 g. 31.4 mmol) in 
100 mL of absolute ethanol was added to a suspension of (±)-3-((aR*)-a- 
((2R* 5S*)-4-allyl-2.5-dimethyl-1-piperazinyl)-4-bromobenzyl)phenol (6.43 g. 
15 5 mmol. Example 2) in 150 mL of absolute ethanol. Water (30 mL) was 
added to the resulting clear solution and the mixture was concentrated to a 
total volume of 150 mL. After several days at room temperature, crystals 
were collected and recrystallized from 90% aqueous ethanol. The crystalline 
di-p-toluoyl-D-tartrate salt was dissolved in 1N aqueous sodium hydroxide 
and titrated to pH 8 with 6N hydrochloric acid. The resulting slurry was 
extracted with dichloromethane. the extracts dried over sodium sulfate and 
evaporated to give 0.92 g (28% of theoretical for one enatiomer) of the free 
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amine as a white solid, mp 209-212 °C, [a] D = + 7.8° (tetrahydrofuran, c = 

5). A portion (0.106 g) was recrystallized from absolute ethanol to give 25.8 
mg of (+)-3-((aS)-a-((2S,5R)-4-allyl-2,5-dimethyl-1 -piperazinyl)-4-bromo- 
benzyl)phenol, mp 21 1-214 °C. Calc. for C22H27BrN20: C. 63.61 ; H, 6.55; 
N, 6.74. Found: C, 63.53; H, 6.53; N, 6.70. HPLC on p-cyclodextrin with 
methanol : 0.1 M ammonium acetate / 1 :1 gave one peak at tR = 8.9 min. 



EXAMPLE 73 

UV3-f/ftSVff-f f2S.5RV4.Allvl-P5-riimflth V l-1-oioerazinvnbenzvnDhenol 

The compound was prepared following the method in Example 9 

starting with (+)-3-((aS)-a-((2S,5R)-4-allyl-2,5-dimethyl-1 -piperazinyl)-4- 

bromobenzyl)phenol (Example 72). The product was recrystallized from 

acetonitrile to give 0.26 g (48%) of (+)-3-((aS)-a-((2S,5R)-4-allyl-2,5- 

dimethyl-1-piperazinyl)benzyl)phenol as beige crystals, mp 192-195 °C, 
20 

(aJ D =+3.7° (tetrahydrofuran, c = 3.5). HPLC on p-cyclodextrin with 

methanol : 0.1M ammonium acetate / 1:1 gave one peak at tR = 7.8 min. 
Calc. for C22H28N2O 0.1 CH3CN: C, 78.29; H, 8.37: N, 8.64. Found: C, 
77.98: H, 8.31 ; N, 8.53. 



EXAMPLE 74 

f+l-Methvl 2-»2 R*.5S^.4-^ttR*V3-hvdroxvbenzhvdrvn-2.5-dimethvl-1- 

piperazinyDacetate 

A mixture of (±)-3-((aR*)-a-((2R*,5S*)-2.5-dimethyl-1 - 
piperazinyl)benzyl)phenol (1.98 g, 6.7 mmol), from Example 38, tert- 
butylchlorodimethylsilane (1.51 g, 10.1 mmol), and imidazole (1.14 g, 16.8 
mmol) in 30 mL of N,N-dimethylformamide was stirred at room temperature 
under nitrogen overnight. The reaction mixture was poured into cold water 
and extracted wtih diethyl ether. The ether extracts were dried over sodium 
sulfate and the solvent removed under vacuum to give a yellow oil. 
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Chromatography on silica gel with dichloromethane : ethanol (1-7%) gave 
1.68 g (61%) of (±)-(3-((aR*)-a-((2R # ,5S*)-2 I 5-dimethyl-1-piperazinyl)- 
benzyl)phenyl) (tert-butyldimethylsilyl) ether as a yellow oil. NMR (CDCI3. 
200 MHz): 5 0.1 (s, 6H); 0.9 (s, 9H); 1.05 (d, J=6 Hz, 3H); 1.2 (d, J=6 Hz, 3H); 
1.7 (t t J=10 Hz, 1 H); 2.45 (br m, 1 H); 2.7 (m, 2H); 3.0 (m, 2H); 3.4 (br s f 1H); 
5.25 (s, 1H); 6.7 (d,J=8 Hz, 1H); 6.9 (d, J=8 Hz, 1H);7.05 (s, 1H); 7.1 (m, 3H); 
7.3 (m, 3H). 

Ethyl bromoacetate (0.47 mL, 4.22 mmol) and anhydrous sodium 
carbonate (2.2 g, 20.5 mmol) were added to a solution of the product from 
above in 30 mL of dry tetrahydrofuran. The mixture was heated at reflux 
under nitrogen overnight. After removing the solvent under vacuum, the 
residue was stirred with dichloromethane, the insoluble salts were filtered off, 
and the filtrate was evaporated under vacuum to give 2.09 g of crude (±)- 
ethyl 2-((2R*,5S>4-((aR*)-3-(t-butyldimethylsilyloxy)benzhydryl)-2,5- 
dimethyl-1-piperazin-yl)acetate as a yellow oil. NMR (CDCI3, 200 MHz): 6 
0.1 (s, 6H); 0.9 (s, 9H); 0.95 (d, J=6 Hz, 3H); 1.2 (d, J=6 Hz, 3H); 1.25 (t, J=7 
Hz, 3H); 1.9 (m, 1H); 2.45 (m, 1H); 2.6-2.9 (m, 4H); 3.3 (q, J=17 Hz, 2H); 4.2 
(q, J=7 Hz, 2H); 5.2 (s, 1H); 6.7 (d, J=8 Hz, 1H); 6.95 (d, J=8 Hz, 1H); 7.05 (s, 
1H); 7.1-7.4 (m,6H). 

The crude product was dissolved in 40 mL of methanol, sodium 
hydride (0.20 g of 50% oil dispersion, 4.1 mmol) was added in small portions, 
and the mixture was stirred at room temperature under nitrogen for 1.5 hours. 
The solvent was removed under vacuum and the residue was extracted 
between dichloromethane and water adjusted to pH 8. The dichloromethane 
extract was dried over sodium sulfate, the solvent was evaporated, and the 
residue was dissolved in acetonitrile and treated with tetraethylammonium 
fluoride as in Example 1. Chromatography on silica gel with 
dichloromethane : ethanol (0-1%) gave 0.96 g (63.5%) of (±)-methyl 2- 
((2R*,5S*)-4-((aR*)-3-hydroxybenzhydryl)-2,5-dimethyl-1-piperazinyl)acetate 
as a white solid. NMR (DMSO-d6, 200 MHz): 5 0.9 (d, J=6 Hz, 3H); 1.1 (d f 
J=6 Hz, 3H); 1.8 (m, 1H); 2.3-2.8 (m, 5H); 3.3 (m, 2H); 3.6 (s f 3H); 5.1 (s, 1H); 
6.6 (d, J=8 Hz, 1 H); 6.75 (d, J=8 Hz, 1 H); 7.85 (s, 1H); 7.1 (5, J=8 Hz, 1 H); 7.3 
(m, 5H); 9.3 (s, 1H). The product was converted to the monohydrochloride 
salt in methanol solution by titration to pH 4.5 with ethanolic hydrogen 
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chloride. The solution was concentrated and treated with diethyl ether to 
precipitate 0.57 g (54%) of the salt as a white solid. Calc. for C22H28N2O3 
HCI 0.5 H2O: C, 63.84; H, 7.30; N, 6.77; CI, 8.56. Found: C, 63.98; H, 7.34; 
N, 6.74; CI, 8.47. Mass spectrum (CI-CH4) m/z: 369 (M+1, 134%), 368 (M + , 
5%), 309 (5%), 185 (18%), 183 (100%). 

EXAMPLE 75 

ben2vn-N.N-diethvl-3-pvridinecarboxamide 

A solution of 50.0 g (0.21 mol) of 3,5-dibromopyridine in 600 mL of 
anhydrous diethyl ether was cooled to -78 °C. n-Butyllithium (131 mL of a 
1.6 M solution in hexanes) was added at a rate to keep the temperature 
below -75 °C. After stirring for one hour at -78 °C, a solution of 3-<tert- 
butyldimethylsilyloxy)benzaldehyde (49.64 g, 0.21 mol), prepared from 3- 
bromobenzaldehyde by the procedure in Example 54, in 600 mL of 
anhydrous diethyl ether was added at a rate to keep the temperature below 
-75 °C. After stirring for one hour at -78 °C, the reaction was quenched with 
200 mL of saturated aqueous ammonium chloride and allowed to warm to 
room temperature. The aqueous layer was discarded and the ethereal layer 
was washed with water and brine, dried over anhydrous sodium sulfate and 
the solvent evaporated to give 104.3 g of a brown oil. Chromatography on 
silica gel with hexane : ethyl acetate gave 51.2 g (62%) of a-(5-bromo-3- 
pyridyl)-3-(tert-butyldimethylsilyloxy)benzyl alcohol as a yellow oil. NMR 
(CDCI3, 200 MHz): 6 0.1 (s, 6H); 0.9 (s, 9H); 2.8 (br s, 1H); 5.8 (s, 1H); 6.8 
(m, 2H); 6.9 (d. J=8 Hz, 1 H); 7.2 (t, J=8 Hz, 1 H); 7.85 (t, J«8 Hz, 1 H); 8.5 (dd, 
Jl=2 Hz, J2=8 Hz, 2H). 

The pyridylphenylmethanol (10.00 g, 25.4 mmol) was treated with 
thionyl chloride as in Example 42. The resulting alkyl chloride was heated 
with trans-N-allyl-2,5-dimethylpiperazine (9.8 g, 63.5 mmol, Example 42, 
infra) in toluene as in Example 42. The crude mixture of diastereomers was 
purified by chromatography on silica gel (Waters Prep 500, dichloromethane 
with 0.1% triethylamine) to give 2.72 g (27%) of the less mobile isomer (Rf= 
0.62 on silica gel with dichloromethane : ethanol : ammonium hydroxide / 
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90:10:1. see next Example) and 3.91 g (39%) of the more mobile isomer 
(Rp= 0.67) as light brown solids. 

The more mobile isomer was treated with tetraethylammonium fluoride 
in acetonitrile as in Example 1 to give 2.6 g (85%) of 3-((R*)-((2R*.5S>4- 
allyl-2 5-dimethyl-1-pipera2inyl)(5-bromo-3.pyridyl)methyl)phenol as a beige 
solid. NMR (DMSO-de, 200 MHz): 8 0.95 (d, J=6 Hz, 3H); 1.1 (d, J=6 Hz, 
3H); 1.8 (m, 1H); 2.1 (m, 1H); 2.4-2.9 (m, 5H); 3.2 (m. 1H); 5.1 (m. 3H); 5.8 (m, 
1H); 6.7 (m. 3H); 7.2 (m. 1H); 7.9 (s. 1H); 8.6 (s, 2H); 9.45 (s, 1 H). 

Starting with the deprotected phenol, following the procedures in 
Examples 3, 5. and 6 (Method A), 0.18 g (7%) of (±)-5-((aR*)-a-((2R-.5S>4- 
allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N,N-diethyl-3- 
pyridinecarboxamide was obtained as a beige solid. NMR (DMSO-d6, 200 
MHz): 8 0.95 (d, J=6 Hz. 3H); 1.1 (d. J=6 Hz, 3H); 1.1 (m. 6 H); 1.8 (m, 1H); • 
2 1 (m, 1H); 2.5-2.9 (m, 6H); 3.1-3.6 (br m, 4H); 5.0-5.2 (m, 2H); 5.1 (s. 1H); 
5.8 (m, 1H); 6.7 (m, 3H); 7.1 (m. 1H); 7.65 (s. 1H); 8.4 (s, 1H); 8.6 (s,1H);9.4 
(s, 1H). The product was dissolved in absolute ethanol, titrated to pH 4 with 
ethanolic hydrogen chloride, and the monohydrochloride salt was 
precipitated with diethyl ether as a white solid ( 96 mg). Calc. for 
C26H36N4O2 HCI H 2 0: C. 63.59; H, 8.00; N, 11.41; CI. 7.22; Found: C, 
63.41 ; H. 7.81 ; N, 1 1 .43; CI, 7-31. Mass spectrum (CI-CH4) m/z 437(M+1, 
95%), 436 (M + . 1 8%), 283 (1 5%), 1 53 (1 00%). 



Fy AMPLE 76 



^-fWfrrfn-tt-ps* SR'^- A JlY 1 - 9 fi-HimBthvM -ninerazinvn-a^VdTQxv- 
h 0 nyvh.Kl Ni.di Pthvi.a.nvridinflnarboxamide 

Starting with the less mobile isomer from the chromatography jn 
Example 75, and following the same procedures, (±)-5-((aR*)-a-((2S*,5R*)- 
4-allyl-2,5-dimethyl-1 -piperazinyl)-3-hydroxybenzyl)-N,N-diethyl-3- 
pyridinecarboxamide was obtained and converted to its monohydrochloride 
salt. NMR (DMSO-d 6 . 200 MHz): 8 0.95 (d, J=6 Hz. 3H); 1.1 (d, J=6 Hz. 3H); 
1.1 (br m, 6H); 1.8 (m.1H); 2:1 (m. 1H); 2.4-3.0 (m, 5H); 3.1-3.5 (m, 5H); 5.1 (m, 
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3H); 5.8(m, 1H); 6.6 (d, J=8 Hz, 1H); 6.75 (d. J=8 Hz,1H); 6.85 (s. 1H); 7.1 (t, 
J=8 Hz, 1H); 7.6 (s, 1H); 8.5 (s. 1H); 8.6 (s. 1H); 9.3 (s, 1H). Mass spectrum 
(CI-CH4) m/z: 437 (M+1, 80%), 436 (M + , 18%), 238 (13%), 153(100%). 
Calc. for C26H36N4O2 HC1 1.9 H2O 0.05 C6H18N3P: C, 61.19; H, 8.14; N, 
1 1 .26; CI, 6.87. Found: C, 60.84; H, 7.79; N, 1 1 .59; CI, 7.25. 



EXAMPLE 77 

M-f2R.5S\-1-Allvl-?5-dimethvlpiperazine 

Method A-Svnthesis 

Freshly distilled allyl bromide (7.03 g, 58.1 mmol) was added to a 
solution of N-BOC-D-alanine (5.00 g, 26.4 mmol) in 100 mL of dry 
tetrahydrofuran and the mixture was cooled to 0 °C. Sodium hydride (2.0 g, 
83.3 mmol, obtained after washing a 50% oil dispersion of sodium hydride 
with hexane to remove the oil) was added in small portions. The mixture was 
stirred at 0 °C under nitrogen for one hour, allowed to warm to room 
temperature, and stirring was continued overnight. The reaction was 
quenched with tetrahydrofuran: water (1 :1) and evaporated to dryness. The 
residue was taken up in water and washed with hexane. The aqueous layer 
was adjusted to pH 2 with solid citric acid and extracted with ethyl acetate. 
The combined organic layers were dried over magnesium sulfate and the 
solvent was removed under vacuum to give 5.70 g of a yellow oil (94%). 
NMR (200 MHz, DMSO-d6): 8 1.3 (d, J=7 Hz, 3H); 1.4 (s, 9H); 3.6-4.1 (m, 2.5 
H); 4.4 (br m, 0.5H); 5.1 (d, J=10 Hz, 1H); 5.2(d, J=14 Hz. 1H); 5.8 (m, 1H); 
12.5 (brs, 1H). 

L- Alanine methyl ester hydrochloride (3.43 g, 24.6 mmol), 
triethylamine (2.48 g, 24.6 mmol) and 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (4.71 g, 24.6 mmol) were added to a 
solution of the product from above (5.63 g, 24.6 mmol) in 80 mL of 
dichloromethane at 0 °C. The mixture was kept in the freezer overnight, then 
washed with water, 1M aqueous citric acid, 5% aqueous sodium bicarbonate 
and water. After drying over sodium sulfate, the solvent was removed under 
vacuum to give 5.85 g (76%) of methyl N-allyl-N-((tert-butoxy)carbonyl)-L- 
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alanyl-D-alaninate as a yellow oil. NMR(200 MHz, DMSO-d 6 ): 8 1.25(m, 
6H); 1 A (s, 9H); 3.6 (s. 3H); 3.7-4.0 (m, 2H); 4.3 (m, 2H); 5.1 (m. 2H); 5.8 (m, 

1H);8.1 (brs, 1H). . . 

The product (5.73 g, 18.2 mmol) was dissolved in 80 mL of formic acid 
and kept at room temperature for 2 hours. The excess formic acid was 
removed under vacuum, the residue was dissolved in a mixture of 160 mL of 
2-butanol and 40 mL of toluene and the mixture was heated at reflux for 8 
hours. The solvents were removed under vacuum to give a yellow oil . 
Chromatography on silica gel with chloroform :methanol (99:1) gave 2.49 g 
(75%) of (2R.5S)-1-allyl-2,5-dimethylpiperazine-3,6-dione as a colorless oil. 
NMR(200 MHz, DMSO-d 6 ): 8 1.3 (d, J=7 Hz, 3H); 1.37 (d, J=7 Hz, 3H); 3.6 
(dd, J1=6 Hz, J 2 =15 Hz, 1H); 3.8 (q. J=7 Hz, 1H); 4.1 (q, J=7 Hz, 1H); 4.3 (dd, 
j 1= 5 Hz, J 2 =15 Hz, 1H); 5.15 (d, J-12 Hz, 1H); 5.2 (d. J-15 Hz, 1H); 5.8 (m, 
1 H); 8.25 (br s, 1 H), - - 48.5° (ethanol. c » 0.9). 

The diketopiperazine (2.0 g, 11.0 mmol) was dissolved in 100 mL of 
dry tetrahydrofuran and cooled to 0 °C under nitrogen. Lithium aluminum 
hydride (33 mL of a 1M solution in tetrahydrofuran) was added dropwise. 
The mixture was allowed to warm to room temperature, then heated at reflux 
overnight. After cooling to room temperature, sodium fluoride (6.0 g. 143 
mmol) was added, the mixture was stirred for 30 minutes, cooled to 0 °C , 
and 20 mL of water was added, keeping the temperature below 5 °C. 
Stirring was continued at room temperature for another 30 minutes and the 
insoluble fluoride was filtered. The filtrate was evaporated under vacuum, 
the residue was taken up in dichloromethane. dried over magnesium sulfate, 
and the solvent removed under vacuum to give 1.41 g (83%) of (-)-(2R,5S)-1- 
allyl-2,5-dimethylpiperazineasayellowoil,[a]|° = -47.9° (ethanol, c = 1.2). 
NMR (DMSO-d6, 200 MHz): 8 0.9 (d. J=6 Hz, 3H); 0.95 <d, J=6 Hz, 3H); 1 .67 
(t, J=11 Hz, 1H); 2.1 (m, 1H), 2.3 (t, J.11 Hz, 1H); 2.7 (m, 4H); 3.4 (dd. Ji-5 
Hz, J2 =1 4 Hz, 1 H); 5.1 (m, 2H); 5.8 (m, 1 H). Mass spectrum (CI-CH4) m/z: 
155 (M+1 , 100%). 154 (M + , 24%). The oil was dissolved in diethyl ether (100 
mL) and treated dropwise with a solution of 1M hydrogen chloride in diethyl 
ether (10 mL). The beige dihydrochloride salt was collected by filtration, 
washed with diethyl ether and dried, [<$ = -14.5° (ethanol, c = 1.2). 
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Mpthnri B-F nantiomeric resnlution 

A mixture of racemic l-allyl-2,5-dimethylpiperazine (3.82 g, 24.8 
mmol, Example 42, infra) and (+)-di-p-toluoyl-D-tartaric acid (9.55 g, 24.8 
mmol) in absolute ethanol (40 mL) was heated to reflux and allowed to cool 
gradually to room temperature. After standing for one day the salt, was 
collected by filtration, washed with ethanol and dried to give 11.0 g. This was 
recrystallized four times from absolute ethanol to give the salt (4.5 g, 68% of 
theoretical for one enantiomer) as a white solid. The salt (3.3 g, 6.1 mmol) 
was partitioned between 2N sodium hydroxide solution and 
dichloromethane. The dichioromethane phase was separated, the alkali 
washed twice with dichloromethane, and the combined dichloromethane 
phases were dried with magnesium sulfate and evaporated to give (-)- 
(2R,5S)-1-allyl-2,5-dimethylpiperazine, (0.92 g, 98% recovery from the salt), 

[alp 0 = -55.7° (ethanol, c = 1 .8). 

EXAMPLE m 

f+M2S.5BM- AiM.gfWfimethvlPiperazine 

Ally! bromide (4.6 mL, 53.8 mmol) was added to a solution of BOC-L- 
alanine (5.00 g, 26.4 mmol) in 100 mL of dry tetrahydrofuran and the mixture 
was cooled to 0 °C. Sodium hydride (2.53 g of 50% oil dispersion, 52.8 
mmol) was added in small portions. The mixture was stirred at 0 °C under 
nitrogen for one hour, warmed to room temperature, and stirring was 
continued overnight. The reaction was quenched with tetrahydrofuran: water 
(1:1) and evaporated to dryness. The residue was taken up in water and 
extracted with hexane. The aqueous layer was adjusted to pH 2 with solid 
citric acid and extracted with ethyl acetate. The combined organic layers 
were dried over magnesium sulfate and the solvent was removed under 
vacuum to give 4.68 g of a yellow oil. Chromatography on silica gel with 
chloroform: methanol (99:1) gave 3.78 g (62%) of N-allyl-N-BOC-L-alanine 
as a yellow oil. NMR (200 MHz, DMSO-d6): 5 1.3 (d, J=7 Hz, 3H); 1.4 (s, 
9H); 3.6-4.1 (m, 2.5 H); 4.4 (br m, 0.5H); 5.1 (d, J=10 Hz, 1H); 5.2(d, J=14 Hz, 
1H);5.8 (m,1H);12.5(brs, 1H). 
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D-Alanine methyl ester hydrochloride (2.30 g 16.5 mmol). 
triethylamine (2.3 ml. 16.5 mmol) and 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (3.16 g, 16.5 mmol) were added to a 
solution of the product from above (3.78 g. 16.5 mmol) in. 80 mL of 
dichloromethane at 0 °C. The mixture was kept in the freezer overnight, then 
washed with water, 1M aqueous citric acid. 5% aqueous sodium bicarbonate 
and water. After drying over sodium sulfate, the solvent was removed under 
vacuum to give 3.31 g (64%) of methyl N-allyl-N-((tert-butoxy)carbonyl)-D- 
alanyl-L-alaninate as a yellow oil. NMR(200 MHz. DMSO-d 6 ): 8 1.25(m. 
6H); 1.4 (s. 9H); 3.6 (s. 3H); 3.7-4.0 (m. 2H); 4.3 (m. 2H); 5.1 (m, 2H); 5.8 (m. 

1H);8.1 (brs, 1H). . 

The product (2.3 g, 7.3 mmol) was dissolved in 100 mL of formic acid 
and kept at room temperature for 2 hours. The excess formic acid was 
removed under vacuum, the residue was dissolved in 80 mL of 2-butanol 
and 15 mL of toluene and the mixture was heated to reflux for 4 hours. The 
solvents were removed under vacuum to give 1.50 g of a yellow oil . 
Chromatography on silica gel with chloroformrmethanol (99:1) gave 0.74 g 
(56%) of (2S. 5R)-l-atlyl-2,5-dimethylpiperazine-3 f 6-dione as a colorless oil. 
NMR(200 MHz, DMSO-d 6 ): 5 1.3 (d. J=7 Hz. 3H); 1.37 (d. J=7 Hz. 3H); 3.6 
(dd, J1=6 Hz. J 2 =15 Hz. 1H); 3.8 (q. J=7 Hz. 1H); 4.1 (q. J=7 Hz. 1H); 4.3 (dd. 
J1=5 Hz. J2=15 Hz. 1H); 5.15 (d. J-12 Hz. 1H); 5.2 (d. J-15 Hz. 1H); 5.8 (m. 

1H);8.25(brs.1H). 

The diketopiperazine from above was dissolved in 25 mL of dry 
tetrahydrofuran and cooled to 0 °C under nitrogen. Lithium aluminum 
hydride (12.3 mL of a 1M solution in tetrahydrofuran) was added dropwise. 
The mixture was warmed to room temperature . then heated to reflux 
overnight. After cooling to room temperature, sodium fluoride (2.0 g. 48 
mmol) was added, the mixture was stirred for 30 minutes, cooled to 0 °C . 
and 8 mL of water was added keeping the temperature below 5 °C. Stirring 
was continued at room temperature for another 30 minutes and the insoluble 
fluoride was filtered off. The filtrate was evaporated under vacuum . the 
residue was taken up in dichloromethane. dried over sodium sulfate 
overnight , and the solvent removed under vacuum to give 0.54 g a yellow 
oil. This material was treated with an excess of ethanolic hydrogen chloride, 
evaporated to dryness and the residue was triturated with ether to give 0.457 
g (50%) of the dihydrochloride as a beige solid. Calc. for C9H18N2 2HCI 
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0.25 H2O: C, 46.66; H, 8.92; N, 12.09: CI , 30.61. Found: C, 46.61 ; H, 8.88; 
20 

N, 12.00; CI, 30.44. [ag = +14.7° (ethanol, c = 2.2). 

The salt (0.430 g) was dissolved in water, basified with 10N aqueous 
sodium hydroxide, extracted with dichloromethane, dried over sodium sulfate 
and the solvent evaporated to give 0.25 g (40% from piperazinedione) of (+)- 
(2S,5R)-1-allyl-2 f 5-dimethylpiperazine as a yellow oil. NMR (DMSO-d6, 200 
MHz) 5: 0.9 (d, J^6 Hz, 3H); 0.95 (d, J=6 Hz, 3H); 1.67 (5, J=1 1 Hz, 1H); 2.1 
(m, 1H) ( 2.3 (t, J=11 Hz, 1H); 2.7 (m, 4H); 3.4 (dd, Ji=5 Hz, J2^14 Hz, 1H); 
5.1(m,2H);5.8(m, 1H). Mass spectrum (CI-CH4) m/z 155 (M+1, 100%), 154 
(M+ 24%). 

EXAMPLE 79 

benzvn-3-bromo-N.N-diethvl-24hiophenecarboxamide 

A mixture of (±)-3-((R>((2R%5S>4-allyl-2,5-dimethyl-1 - 
piperazinyl)(4-bromo-2-thienyl)methyl)phenol (Example 43, 7.25 g, 0.0172 
mol), tert-butyldimethylsilyl chloride (3.00 g, 0.020 mol), imidazole (2.93 g, 
0.043 mol), and 50 mL of dry dimethylformamide was stirred at room 
temperature under nitrogen for 16 hours. The solution was diluted with 500 
mL of ethyl acetate, washed three times with 0.1 N NaOH, dried over sodium 
sulfate and evaporated to 9.2 g (100%) of crude (±)-3-((R # )-((2R*,5S*)-4-allyl- 
2,5-dimethyl-1-pipera2inyl)(4-bromo-2-thienyl)methyl)phenol f tert-butyl- 
dimethylsilyl ether as a dark oil. 

A solution of the product (2.3 g, 4.29 mmol) in 250 mL of dry 
tetrahydrofuran under nitrogen was cooled to -78 °C. A solution of 1 .5 M 
lithium diisopropylamide in cyclohexane (2.9 mL, 4.29 mmol) was added via 
syringe at a rate to maintain a temperature below -70 °C. The resulting 
solution was stirred for one hour at -78 °C, then carbon dioxide gas was 
introduced below the surface of the solution via cannula for 10 min. The 
solution was allowed to warm to room temperature with stirring. The solvent 
was evaporated and the residue was redissolved in toluene and evaporated 
again. The resulting viscous oil was dissolved in 250 mL of dichloromethane 
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and strirred at room temperature under nitrogen. Thionyl chloride (0.44 mL, 
6 0 mmol) was added, and the resulting mixture was stirred for one hour at 
room temperature before adding diethylamine (2.2 mL, 21.5 mmol). The 
mixture was stirred for 16 hours at room temperature, washed three times 
with water, dried over sodium sulfate, and evaporated to give a dark oil. 
Chromatography on silica gel with dichloromethane:ethyl acetate/9:1 gave 
1 mb (42%) of ^ ( ±)-5-((aR*)-a-((2R-,5S*).4-al.yl-2,5-dimethy.-1-p I peraz.ny.)- 

3- hydroxybenzyl)-3-bromo-N.N-diethyl-2.thiophenecarboxamide.tert-butyldi- 

methylsilyl ether. 

The product was deprotected with tetraethylammonium fluoride 
hydrate as in Example 44. Chromatography on silica gel I with 
dichloromethane:ethyl acetate/1 :1 gave 720 mg of (±)-5-(«xR*)-a-((2R .5S )- 

4- allyl-2 5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-3-bromo-N.N-diethyl-2- 

thiophenecarboxamide as a light brown foam. iH-NMR (3C [frMHx. I DMSC- 
d 6 ): 5 0.89 (d. J=6.0 Hz, 3H); 1.11 (m, 9H); 1.65 (m. 1H); 1.95 (m. 1H). 2.40 
(m 2H)- 2.60-2.80 (m, 3H); 3.30 (m. 5H); 5.14 (m. 2H); 5.47 (s, 1H); 5.80 (m. 
1 H); 6.56 (s,1 H); 6.75 (m, 3H); 7.22 (t. J=8 Hz. 1 H); 9.48 (s, 1 H). The amine 
was dissolved in ethanol and converted to the monohydrochloride salt by 
titration to pH 3.8 with ethanolic hydrogen chloride. The solvent was removed 
by evaporation and the salt was dissolved in dichloromethane, followed by 
precipitation with diethyl ether to give 580 mg (58%) of an off-white solid mp 
147-150 °C. Calc. for C25H34BrN 3 0 2 S HCI: C, 53.91; H, 6.33; N, 7.55; Br. 
14.35; CI, 6.37; S, 5.76. Found: C, 53.69; H, 6.40; N. 7.50; total halogen calc. 
as chlorine, 1 2.69; S, 5.73. 



FXAMPUE 79 

phenol 

3-Bromopyridine (50.0 g. 0.316 mol) and 3-(tert- 
butyldimethylsilyloxy)benzaldehyde (74.8 g. 0.316 mol. Example 54. mfra) 
were each dissolved in 500 mL anhydrous diethyl ether under nitrogen and 
chilled to -78 °C in dry ice/acetone baths. n-Butyllithium (198 mL. 
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0.316 mol, 1.6M in hexanes) was added dropwise to the chilled pyridine 
solution, at a rate that maintained the temperature below -70 °C. After the 
addition was complete, the reaction was stirred for 10 minutes. The 
aldehyde solution was then added to the reaction mixture via cannula, while 
maintaining the temperature below -70 °C. The reaction was stirred at -78 °C 
for 45 minutes and quenched with aqueous saturated ammonium chloride. 
The reaction mixture was allowed to warm to room temperature and was 
washed with water and brine. The ether extracts were dried over sodium 
sulfate and the solvent removed to give 98.2 g of crude (3-(tert- 
butyldimethylsilyloxy)phenyl)(3-pyridyl)methanol. The crude alcohol was 
dissolved in 300 mL of dichloromethane and chilled in an ice bath. Thionyl 
chloride (34 mL, 0.47 mol) was dissolved in 30 mL of dichloromethane and 
added dropwise to the chilled alcohol solution. After stirring for 3 hours, the 
solvent was removed to give the hydrochloride salt of (tert-butyldimethylsilyl) 
(3-(a-chloro-3-pyridylmethyl)phenyl) ether as a brown solid. The crude 
alkylchloride (approx. 0.311 mol) was combined with 120g (0.78 mol) of 
N-allyl-trans-2,5-dimethylpiperazine (Example 42, infra) in 100 mL of 
acetonitrile and heated at reflux overnight. After the reaction was cooled to 
room temperature, 62 g (approx. 0.43 mol) of tetraethylammonium fluoride 
hydrate was added, and the reaction was stirred for 1 hour. The solvent was 
removed and the product was purified by chromatography on silica gel with 
0-20% ethanol in dichloromethane. The first isomer to elute was obtained as 
14.7 g of a dark oil which crystallized from 100 mL of acetonitrile upon 
standing at room temperature to give 3.0 g of (±)-3-((R*)-((2R*,5S*)-4-aIlyl- 
2,5-dimethyl-1-piperazinyl)-3-pyridylmethyl)phenol, mp 115-118 °C. Calcfor 
C21H28N3O: C, 74.52; H f 8.34; N, 12.41. Found: C, 74.78; H, 8.11; N ( 
12.47. NMR (200 MHz, DMSO-d6): 5 0.95 (d, J=6 Hz, 3H); 1.09 (d, J=6Hz, 
3H); 1.84 (dd, Ji=7.6 Hz, J2=11.7 Hz, 1H); 2.10 (dd, Ji=6,8 Hz, J2=10.8 Hz, 
1H); 2.5-2.8 (m, 4H); 2.86 (dd, Ji«7.2 Hz, J2=14.0 Hz, 1H); 3.18 (dd, Ji=5.3 
Hz,J2=14 Hz, 1H); 5.05 (s, 1H); 5.8 (m, 1H); 6.7 (m, 3H); 7.16 (t, J=7.6 Hz, 
1H); 7.34 (dd, Jl=4.9 Hz, J2=8.0 Hz, 1H); 7.75 (d, J=7.9 Hz, 1H); 8.43 (d, 
J=4.6 Hz, 1H); 8.57 (s, 1H); 9.41 (s, 1H). 
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FXAMPLE 80 

(-t-l-frf m« Wf 2P« «T-Ttim°* h V 1 - 1 -ninfln7invn-3-nYriflVlmftthYn- 

phenol 

The second isomer to elute from the column of Example 79 was 
obtained as 6.9 g of an oil. The product was crystallized from ethyl acetate 
to give 2.4 g of tan solid, mp 158-160 °C. NMR (200 MHz, DMSO-d 6 ): 5 
0.96 (d, J=6 Hz, 3H); 1.10 (d. J=6 Hz. 3H); 1.79 (dd, Jl=7.2 Hz, J 2 =10.6 Hz. 
1H); 2.08 (dd. J1=7.2 Hz. J 2 =H-2 Hz. 1H); 2.3-2.75 (m. 4H); 2.85 (dd. Jl=7.0 
Hz. J2»13.9 Hz. 1H); 3.18 (dd. Jl-5.2 Hz. J 2 =13.9 Hz, 1H); 5.08 (s. 1H); 5.10 
(d J=9.9 Hz. 1H);'5.17 (d. J=16.2 Hz. 1H); 5.7-5.9 (m. 1H); 7.10 (t. J-7.8 Hz. 
1H); 7.40 (dd, J1=4.9 Hz. J 2 =7.8 Hz, 1H); 7.66 (d. J=8 Hz, 1H); 8.50 (d. J=6 
Hz. 1H); 8.52 (s, 1H); 9.32 (s, 1H). The free amine was dissolved in ethanol 
and converted to the monohydrochloride salt by titrating to a pH of 3.4 with 
ethanolic hydrogen chloride. The solvent was removed, and the residue was 
redissolved in dichloromethane. The salt was precipitated with ether:hexane 
and collected by filtration to give a white powder. Calc for C21 H27N3O HCI 
0.75 H2O: C. 65.10; H. 7.67; N, 10.85; CI. 9.15. Found: C. 65.12; H, 7.68; N, 
10.87; CI. 9.20. 

FY AMPLE 81 

M-A-nnrr^iw spr\.A.{c^ *™™i™ih V n-? s-dimethvl-1 -ninftrazinYn-3- 
h Y rtrnYyhpn7v n-f>i M^ipthvlhanzamide 

(±)-4-((aR*)-a-((2S*,5R*)-2.5-Dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N.N-diethylbenzamide (1.0g, 2.6mmol. Example 16) was 
combined with t-butyidimethylsilyl chloride (0.60 g. 3.9 mmol) and 
imidazole (0.50 g, 6.5 mmol) in 30 mL dimethylformamide and stirred 
overnight. The solvent was removed in vacuo, and the residue was 
redissolved in dichloromethane (150 mL) and washed with 80 mL of 
aqueous 1N sodium hydroxide. The organic layer was dried with sodium 
sulfate .and the solvent removed to give 0.70 g of the silyl ether. 



146 



WO 93/15062 



PCT/GB93/00216 



A portion of the silyl ether (0.51 g f 1.0 mmol) was combined with 2- 
chloroacetamide (0.10 g, 1.1 mmol) and sodium carbonate (0.16 g, 
1.5 mmol) in 4 mL of anhydrous tetrahydrofuran. The reaction was stirred 
for 4 hours at room temperature and then chilled in an ice bath. Sodium 
iodide (0.16 g t 1.1 mmol) was added; the reaction was warmed to room 
temperature and stirred overnight. The solvent was removed, and the 
residue was redissolved in 70 mL of dichloromethane. The solution was 
washed with 20 mL of water, and the solvent was again removed. The 
residue was redissolved in 20 mL of acetonitrile and stirred with 
tetraethylammonium fluoride hydrate (0.27 g) at room temperature 
overnight. The solvent was removed, and the residue was purified by 
chromatography on silica gel with ethyl acetate (0-3%) in dichloromethane to 
give (±)-4-((aR*)-a-((2S* t 5R*)-4-(carbamoylmethyl)-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)-N,N-diethylbenzamide. NMR (300 MHz, 
DMSO-d6): 5 0.94 (d, J=5.6 Hz, 3H); 1.1 (d, J=5.9 Hz, 3H); 1.0-1.2 (brm, 6H); 
1.9 (t ( J=10.4 Hz, 1H); 2.2 (dd, Ji=8 Hz, J2=13 Hz, 1H); 2.5-2.8 (m t 4H); 2.7 & 
2.9 (ABq, J=15.8 Hz, 2H); 5.0 (s, 1H); 6.6-6.7 (m, 3H); 7.05 (br s, 1H); 7.14 (t, 
J=8 Hz, 1H); 7.27 & 7.42 (ABq, J*8 Hz, 4H); 9.35 (s, 1H). 

The free amine was dissolved in ethanol and converted to the 
monohydrochloride salt by titrating to a pH of 3.3 with ethanolic hydrogen 
chloride. The ethanol was evaporated and the residue redissolved in 
dichloromethane. The salt was precipitated with hexanerethyl acetate to give 
0.16 g (31%) of a white solid. Calc for C26H36N4O3 HCI H2O: C, 61.59; H, 
7.75; N. 1 1 .05; CI, 6.99. Found: C, 61 .87; H, 7.72; N, 1 1 .1 3; CI, 7.09. 



EXAMPLE 82 

^-N.N-Disthvl-^ 

dimethvl-1-piperazinvnbenzvnbenzamide 

(±)-4-((aR*)-a-((2S*,5R*)-2 l 5-Dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide, t-butyldimethylsilyl ether (0.51 g, 
1 .0 mmol, Example 81 , infra) was combined with 2-bromoethyl methyl ether 
(0.16 g, 1.2 mmol), sodium carbonate (0.16 g, 1.8 mmol), and sodium 
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iodide (0.1 5 g. LOmmol) in 6 mL of anhydrous tetrahydrofuran. The 
reactioa mixture was heated at reflux for 24 hours and then cooled to room 
temperature. The reaction was diluted with diethyl ether, filtered to remove 
salts, and then evaporated to dryness. The residue was purified by 
chromatography on silica gel with ethanol (0-3%) in dichloromethane to give 
0.42 g of product which was dissolved in acetonitrile and stirred with 
200 mg of tetraethylammonium fluoride hydrate for 30 minutes. The 
reaction mixture was concentrated to dryness, redissolved in 
dichloromethane, and washed with water adjusted to pH8. The organic 
layer was dried over sodium sulfate and the solvent removed. The residue 
was purified by chromatography on silica gel with ethanol (0-5%) in 
dichloromethane. The crude product was dissolved in aqueous 1N 
hydrochloric acid and washed with diethyl ether. The aqueous layer was 
adjusted to pH 8 with aqueous 1N sodium hydroxide and extracted with 
dichloromethane. The organic extracts were dried over sodium sulfate, 
filtered, and the solvent removed to give (±)-N,N-diethyl-4-((aR*)-3-hydroxy- 
a-((2S*,5R*)-4-(2-methoxyethyl)-2,5-dimethyl-1-piperazinyl)benzyl)- 
benzamide. NMR (300 MHz, DMSO-d6): 50.93 (d. J=5.7 Hz, 3H); 1.08 (d, 
J=5.7 Hz. 3H); 1.0-1.2 (br m, 6H); 1.80 (brt, J=10 Hz, 1H); 2.15 (brt, J=11 Hz, 
1H); 2.3-2.75 (m, 5H); 2.8 (d, J=9 Hz. 1H); 3.1-3.45 (br m, 4H); 3.21 (s. 3H); 
3.36 (t, J=9 Hz. 2 H); 4.99 (s, 1H); 6.6-6.7 (m, 3H); 7.14 (t, J=7.5 Hz); 7.27 & 
7.42 (ABq. J=8 Hz, 4H); 9.35 (s. 1H). The free amine was dissolved in 
ethanol and converted to the monohydrochloride salt by titrating to a pH of 
3.4 with ethanolic hydrogen chloride. The solvent was removed/and the 
residue was redissolved in dichloromethane. The salt was precipitated with 
ethenhexane and collected by filtration to give 0.19 g (38%) of the 
monohydrochloride salt as a white powder. Calc for C27H39N3O3 HCI 0.75 
H2O: C, 64.40; H, 8.31; N, 8.34, CI, 7.04. Found: C, 64.57; H. 8.43; N, 8.14; 
CI, 7.05. 
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EXAMPLE 83 

f+\.4.^ n R'W«-^2SV5R^-4WC N/annmftthvn-PS-f1imethvl-1-DiDera2invlV3- 
hydroxvbenzvn-N.N-diethvlbenzamide 

(±)-4-((aR*)-a-((2S*,5R*)-2,5-Dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide, tert-buty Idi methy Isi lyl ether (0.51 g, 
I.Ommol, Example 81, infra) was combined with 2-chloroacetonitrile 
(0.07 mL, 1.1 mmol, Eastman Kodak, Rochester. NY) and sodium carbonate 
in anhydrous tetrahydrofuran. The reaction mixture was chilled in an ice bath 
and sodium iodide (0.16 g, 1.1 mmol) was added. The reaction was 
allowed to warm to room temperature and stirred overnight. The solvent was 
removed and the residue was redissolved in dichloromethane and washed 
with water. The solvent was evaporated and the residue was purified by 
chromatography on silica gel with ethanol (0-3%) in dichloromethane. The 
product was dissolved in 20 mL of acetonitrile and stirred for 3 hours with 
tetraethylammonium fluoride hydrate (0.18 g). The solvent was evaporated 
and the residue was purified by chromatography on silica gel with ethanol (0- 
3%) in dichloromethane. Crystallization of the product from acetonitrile gave 
37 mg of solid, mp 190-192~C. Calc for C26H34N4O4: C, 71.86; H, 7.88; N, 
12.89. Found: C, 71.83; H, 7.94; N, 12.95. NMR (200 MHz, CDCI3): 8 0.93 
(d, J=6 Hz, 3H); 1.15 (d, J=4.7 Hz, 3H); 1.0-1.2 (br m, 6H); 1.79 (t. J=11 Hz, 
1H); 2.2-2.4 (m, 5H); 3.2-3.6 (br m, 4H); 3.36 & 3.76 (ABq, J=17.4 Hz, 2H); 
5.15 (s, 1H); 6.55 (s, 1H); 6.57 (d, J=8.6 Hz, 1H); 6.73 (d, J=8 Hz, 1H); 7.13 (t, 
J=7.6 Hz, 1 H); 7.28 & 7.42 (ABq, J=8.2 Hz, 4H). 



EXAMPLE 84 

W-3-^ re R*VrtWf2SV5R^.4-Allvl-2.5-dimethv l-1-ninflra2invn-3-hvdroxv- 
benzyn-NN-diethvlbenzamide 

A mixture of 300.0 g (1.7 mol) of 3-bromophenol, 392.1 g (2.6 mol) 
of tert-butylchlorodimethylsilane and 295.1 g (4.3 mol) of imidazole in 1 L 
of N,N-dimethylformamide was stirred at room temperature under nitrogen for 
18 hours. The reaction mixture was poured into cold water and extracted 
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with diethyl ether. The ether extracts were washed with water and brine, 
dried over sodium sulfate, and the solvent was evaporated under vacuum to 
give 650 g of crude 3-bromophenyl tert-butyldimethylsilyl ether as an orange 
oil. NMR (CDCI3, 200 MHz) 5: 0.2 (s, 6H); 0.95 (s, 9H); 6.8 (m. 1H); 7.0-7.1 
(m. 3H). 

The silyl ether (155.2 g, 0.54 mol) was dissolved in 600 mL of dry 
tetrahydrofuran, dried further over molecular sieves, then transferred to a 
reaction flask and diluted to 1200 mL with dry tetrahydrofuran and cooled to 
-78 °C. n-Butyllithium (310 mL of a 1.6M solution in hexane) was added, 
while stirring under nitrogen, at a rate to keep the temperature below -70 °C. 
Stirring was continued at -78 °C for 45 minutes. A solution of 3- 
bromobenzaldehyde (100.0 g, 0.54 mol) in 900 mL of dry tetrahydrofuran 
was added at a rate to keep the reaction temperature below -70 °C. After 
stirring for 30 minutes at -78 °C. the reaction was quenched with 500 mL of 
saturated aqueous ammonium chloride and allowed to warm to room 
temperature. The mixture was diluted with water and diethyl ether and the 
ethereal layer was washed with brine, dried over sodium sulfate and 
evaporated to give 216.2 g of a yellow oil. Chromatography on silica gel 
with hexanetethyl acetate (4-25%) gave 98.86 g (51%) of cc-(3- 
bromophenyl)-(3-(tert-butyldimethylsilyloxy)benzyl alcohol as a yellow oil. 
NMR (CDCI3, 200 MHz) 5: 0.2 (s, 6H); 0.95 (s, 9H); 2.3 (br s, 1 H); 5.7 (s, 1 H); 
6.75 (d, J=8 Hz. 1H); 6.8 (s. 1H); 6.9 (d, J=8 Hz, 1H); 7.2 (m, 2H); 7.3 (d, J=8 
Hz, 1 H); 7.4 (d. J=8 Hz, 1 H); 7.5 (s. 1 H). 

Thionyl chloride (27.5 mL, 0.38 mol) was added dropwise to a 
solution of the benzhydryl alcohol from above (98.9 g, 0.25 mol) in 500 mL 
of dichloromethane and the mixture was stirred overnight at room 
temperature. The solvent was removed under vacuum, the residue was 
redissolved in toluene, and the solvent was again removed under vacuum to 
eliminate excess thionyl chloride to give 154g of crude a-(3-bromophenyl)- 
3-(tert-butyldimethylsilyloxy)benzyl chloride as a brown oil. NMR (CDCI3, 
200 MHz) 8: 0.2 (s, 6H); 0.95 (s, 9H); 6.0 (s, 1H); 6.8-7.0 (m. 3H); 7.2-7.6 (m. 
5H). 
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A mixture of the benzhydryl chloride from above (103.5 g, 0.25 mol) 
and N-allyl-2,5-dimethylpiperazine (96.9 g, 0.63 mol, Example 42, infra) in 
50 mL of toluene was heated at reflux overnight. Acetonitrile (350 mL) and 
tetraethylammonium fluoride hydrate (75 g, 0.38 mol) was added to the 
cooled reaction mixture. After stirring at room temperature for 30 minutes, 
the solvent was removed under vacuum to give 344 g of a crude mixture of 
diastereomers as a dark brown oil. Chromatography on silica gel with 
dichloromethane:ethanol (99:1) gave 31.15 g of a brown solid containing 
95% of the less mobile diastereomer (Rf=0.42 on silica gel with 
dichloromethane:ethanol:ammonium hydroxide/95:5:1). Crystallization from 
isopropanol gave 28.6 g (55% of theoretical for one diastereomer) of (±)-3- 
((aR*)-a-((2R*,5S*)"4-allyl-2,5-dimethyl-1-piperazinyl)-3-bromobenzyl)- 
phenol as a white solid, mp 186-189°C. NMR (DMSO-d6, 200 MHz) 5: 0.95 
(d, J=6 Hz, 3H); 1.03 (d, J=6 Hz, 3H); 1.8 (dd, Ji=6 Hz, J2=10 Hz, 1H); 2.1 
(dd, Ji=6 Hz, J2=10 Hz, 1H); 2.4-2.6 (m, 3H); 2.7 (d, J=11 Hz, 1H); 2.8 (dd, 
J1=7 Hz, J2=14 Hz, 1H); 3.2 (dd, Ji=6 Hz, J2=13 Hz, 1H); 4.9 (s, 1H); 5.1 (d, 
J=10 Hz, 1H); 5.2 (d, J-18 Hz, 1H); 5.7-5.9 (m, 1H); 6.6-6.8 (m, 3H); 7.0-7.4 
(m, 4H);7.55 (s, 1H);9.35 (s, 1H). 

The bromobenzene (3.22 g, 7.75mmol) was dissolved in 25 mL of 
dimethylformamide with cuprous cyanide (1.39 g,15.5 mmol), and the 
reaction was heated at reflux for 3 days. The reaction was cooled to room 
temperature and poured into 300 mL aqueous 30% sodium cyanide. The 
mixture was extracted with 250 mL of ethyl acetate. The solvent was 
removed and the residue was purified by chromatography on silica gel with 
ethanol (0-20%) in dichloromethane to give 1.3 g (46%) of (±)-3-((aR*)-a- 
((2S*,5R*)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)benzonitrile ( 
mp 169-171 °C. Calc for C23H27N30:C, 76.42; H, 7.53: N, 11.62. Found: 
C, 76.35; H, 7.54; N, 11.62. 

A portion of the benzonitrile (0.72 g, 1.99 mmol) was combined with 
0.56 g of sodium hydroxide pellets in 8 mL of 95% ethanol and heated at 
reflux overnight. After cooling to room temperature, the reaction solution was 
adjusted to pH 5 with concentrated hydrochloric acid. The solvent was 
removed in vacuo, and the residue was slurried with 25 mL of 
dichloromethane for 3 days. Filtration gave 1 .44 g of the carboxylic acid as a 
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mixture with sodium chloride. The carboxylic acid was combined with 1.8 g 
(4.0 mmol) of benzotriazol-l-yloxy-tris(dimethylamino)phosphonium 
hexafluorophosphate and 1.0 mL (9.7 mmol) of diethylamine in 25 mL of 
acetonitrile and stirred overnight. The solvent was removed in vacuo, and 
the residue was redissolved in 150 mL 1N aqueous hydrochloric acid and 
150 mL of ethyl acetate. The aqueous layer was adjusted to pH 8 with 
aqueous 10N sodium hydroxide and extracted with diethyl ether. The ether 
extracts were washed with brine, dried over sodium sulfate, and 
concentrated in vacuo to give 0.4 g of a brown oil. The crude product was 
purified by preparative thin layer chromatography (silica gel, 
dichloromethane:ethanol:ammonium hydroxide/95:5:1) to give 0.090 g (10% 
from the benzonitrile) of (±).3-((aR*)-a-((2S*,5R*)-4-allyl-2,5-dimethyl-1- 
piperazinyl)-3-hydroxybenzyl)-N,N-diethylbenzamide as a white foam. 

The free amine was converted to the monohydrochloride salt by 
dissolving in ethanol and titrating with 0.2 M ethanolic hydrogen chloride to a 
pH of 3.45. The solvent was removed, the residue was redissolved in10 mL 
of dichloromethane, and the salt was precipitated with diethyl ether. Filtration 
gave 0.070 g of the monohydrochloride salt as a white solid. Calc for 
C27H37N3O2 HCI H2O: C, 66.17; H, 8.23; N, 8.57; CI, 7.23. Found: C, 
66.06; H.7.97; N, 8.55; CI, 7.31. 

EXAMPLE 85 

u\-z-UaRVa-i r?s 5m-4-AH v »-9 g-rtimflthvi-1 ■ninBra7invn-3-hvrtimvben z Yl)- 
N Nl-riiflthvlhenzamide 

(RH-)-Mandelic acid (11.50g. 75.6 mmol) was added to a 
suspension of 28.55 g (68.7 mmol) of (±)-3-((aR*)-a-((2R\5S*)-4-allyl-2,5- 
dimethyl-1-piperazinyl)-3-bromobenzyl)phenol (Example 84, infra) in 
450 mL of absolute ethanol. The mixture was heated to complete solution 
and then allowed to crystallize at room temperature. Crystals were collected 
and recrystallized from absolute ethanol. The crystalline mandelate salt was 
treated with excess 1N aqueous sodium hydroxide and then titrated to pH 8 
with 6N hydrochloric acid. The precipitated free amine was recrystallized 
from absolute ethanol to give 6.25 g (44% of theoretical for one enantiomer) 
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of (+)-3-((aS)-a-((2S,5R)-4-allyl-2 ( 5-dimethyl-1-pipera2inyl)-3-bromobenzyl)- 

a: 20 
phenol as a white solid, mp 205-206 °C. [a] D = +20° (methanol, c=2). Calc. 

for C22H27BrN20: C, 63.62; H ( 6.55; N f 6.74; Br, 19.24. Found: C, 63.63; H, 
6.57; N, 6.68; Br, 19.16. 

A mixture of the product from above (6.09 g, 14.7 mmol) and cuprous 
cyanide (2.63 g, 29.4 mmol) in 55 mL of N,N-dimethylformamide was 
heated at reflux for 2 days. The reaction mixture was poured into 500 mL of 
30% aqueous sodium cyanide, stirred for 20 minutes, then extracted with 
ethyl acetate. The ethyl acetate extracts were combined, washed with brine 
and dried over sodium sulfate, and the solvent was removed under vacuum. 
The resulting brown solid was purified by chromatography on silica gel with 
dichloromethane:ethanol (95:5) to give 3.54 g (67%) of 3-((aR)-a-((2S,5R)- 
4-allyl-2,5-dimethyl-1-pipera2inyl)-3-hydroxybenzyl)ben2onitrile as a beige 
solid. NMR (DMSO-d6, 200 MHz): 8 0.96 (d, J=6 Hz, 3H); 1.08 (d, J=6 Hz, 
3H); 1.8 (dd, Ji=6.8 Hz, J2=11 Hz, 1H); 2.1 (dd, Ji=6.6 Hz, J2=10.7 Hz, 
1H); 2.4-2.7 (m, 3H); 2.75 (dd, Ji=2.7 Hz, J2=10.9 Hz, 1H); 2.86 (dd, Ji=7.0 
Hz, J2=14 Hz, 1H); 3.2 (dd, Ji=5 Hz, J2=14 Hz, 1H); 5.0 (s, 1H); 5.1 (d, J=11 
Hz, 1H); 5.2 (d, J=17 Hz, 1H); 5.7-5.9 (m, 1H); 6.68 (s, 1H); 6.7 (d, J=8 Hz, 
2H); 7.16 (t, J=8 Hz, 1H); 7.5 (t. J=*8 Hz, 1H); 7.7 (d, J=8 Hz, 2H); 7.8 (s, 1H); 
9.4 (s, 1H). 

The benzonitrile (3.54 g, 9.8 mmol) was dissolved in 40 mL of 95% 
ethanol with 2.74 g (68.6 mmol) of sodium hydroxide pellets and the 
mixture was heated at reflux overnight. Concentrated hydrochloric acid was 
added to adjust the pH to 5 and the solvent was removed under vacuum. 
The residue was combined with 8.67 g (19.6 mmol) of benzotriazoM- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate and 5.1 mL 
(49.0 mmol) of diethylamine in 60 mL of acetonitrile. After stirring at room 
temperature under nitrogen overnight, the solvent was removed under 
vacuum, and the residue was dissolved in 100 mL of 6N hydrochloric acid 
and extracted with ethyl acetate. The aqueous layer was adjusted to pH 8 
with 1 0N aqueous sodium hydroxide and extracted with ethyl acetate. The 
ethyl acetate extracts were combined, washed with water adjusted to pH 8, 
dried over sodium sulfate, and the solvent evaporated to give 2.6 g of a 
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beige solid. Chromatography on silica gel with dichloromethane:ethanol (1- 
4%) gave 1.76 g (41%) of (+)-3-((aR)-a-((2S,5R)-4-allyl-2,5-dimethyl-1- 

piperazinyl)-3-hydroxybenzyl)-N,N-diethylbenzamide as a beige solid. [a] D 

o +15.0° (methanol, c=1.9). NMR (DMSO-d6, 200 MHz) 5: 0.95 (d, J=6 Hz, 
3H); 1.1 (d. J=6 Hz, 3H); 1.0-1.2 (br m, 6H); 1.9 (dd, J1=8 Hz, J2=12 Hz, 1H); 
2.1 (dd, Ji =7 Hz, J2=1 1 Hz, 1 H); 2.4-2.7 (m, 3H); 2.7 (dd, Ji =3 Hz, J2=1 1 Hz. 
1H); 2.9 (dd, J1=7 Hz, J2=14 Hz, 1H); 3.2 (dd. Jl=5 Hz. J2-14 Hz, 1H); 3.1- 
3.5 (m. 4H); 5.0 (s, 1H); 5.1 (d, J=10 Hz, 1H); 5.2 (d, J=17 Hz, 1H); 5.7-5.9 (m, 
1 H); 6.7 (d, J=8 Hz. 1 H); 6.69 (s. 1 H); 6.7 (d, J=8 Hz, 1 H); 7.1-7.2 (m, 2H); 7.3- 
7.4 (m, 3H); 9.4 (s, 1H). Mass spectrum (CI-CH4) m/z: 435 (M+, 13%), 436 
(M+1, 37%), 282 (47%), 153 (100%). The product was dissolved in absolute 
ethanol and titrated to pH 4 with ethanolic hydrogen chloride. The solution 
was concentrated and diethyl ether was added to precipitate the 
monohydrochloride salt (1.07g, 56%) as a white solid. Calc. for 
C27H37N3O2 HC1 1.25 H20: C, 65.57; H, 8.25; N, 8.50; CI, 7.17. Found: C, 
65.26; H, 8.14; N, 8.82; CI, 7.41 . 



EXAMPLES 86-91 were prepared in similar fashion to Example 84. 

EXAMPLE 86: W.a.rf«R*l-«-ff9R« fiR^.4.Allvl-2.5-dimethvl-1- 
pipera2invn-3-hvdroxvbenzyh-N-met hvl-N-oroDvlhflnzamide. 

NMR (DMSO-d6, 200 MHz): 8 0.8-1 .0 (br m, 3H); 0.95 (d, J=6 Hz, 3H); 
1.1 (d. J=6 Hz, 3H); 1.5 (br m, 2H); 1.85 (br m, 1H); 2.1 (br m, 1H); 2.4-3.0 (m, 
8H); 3.0-3.2 (br m, 3H); 5.0 (br s, 1 H); 5.13 (d, J=9 Hz, 1H); 5.2 (d, J=17 Hz, 
1H); 5.8 (m, 1H); 6.7 (m,3H); 7.05-7.25 (m,2H); 7.3-7.5 (m, 3H); 9.36 (s, 1H). 

EXAMPLE 87: W-3-f/aR*W f?S« 5R^-4-Allvl-2.5-dimethvl-1- 
piperazinvlV3-hvdroxvbenzv»-N-ethv |-N-mpthylbenzamide. 

NMR (DMSO-d6. 200 MHz): 8 0.95 (d. J=6 Hz, 3H); 1 .1 (d, J=6 Hz, 
3H); 1.0-1.2 (br m, 3H); 1.85 (brt, J=9 Hz, 1H); 2.1 (brt, J=8 Hz, 1H); 2.53 & 
2.56 (2s, 3H); 2.6-3.0 (m, 5H); 3.1-3.5 (m, 3H); 5.0 (br s, 1H); 5.1 (d, J=10 Hz, 
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1H); 5.17 (d, J=17 Hz. 1H); 5.8 (m, 1H); 6.7 (s, 1H); 6.6-6.75 (m. 2H); 7.1-7.25 
(m, 2H); 7.3-7.5 (m, 3H); 9.4 (s. 1 H). 

FYAMPLE 88: W.a-f^R^-fi.a?SVSR^-4-AII V l-2.5.dimethvl-1- 
pinflra?invh-3-hvdrQxvben2vn-N.N-dimflthvlhenzamide. 

NMR (DMSO-d6, 300 MHz): 8 0.95(d, J=6 Hz, 3H); 1.05 (d, J=6 Hz. 
3H); 1.85 (m. 1H); 2.1 (m, 1H); 2.8 & 2.85 (2s. 3H); 2.4-3.0 (m, 5H);3.1 (m, 
1H); 4.95 (s. 1H); 5.05 (d. J=10 Hz. 1H); 5.1 (d. J=17 Hz. 1H); 5.8 (m, 1H); 6.7 
(m, 3H); 7.1 (t. J=8 Hz, 1H); 7.2 (d. J=8 Hz, 1H); 7.3-7.45 (m, 5H); 9.35 (s, 1H). 

EXAMPLE 89 fttR^-aWfgs«.5R^-4-Allvl-2.5-dlmethvl-1 -niperazinvlV3- 

hydroxybenzvU-N-ethvlbenzamide. 

NMR (DMSO-d6. 200 MHz): 8 0.95(d, J=6 Hz, 3H); 1.05 (d, J=6 Hz, 3H); 
1.05 (m,3H); 1.85 (m. 1H); 2.1 (m, 1H); 2.4-3.0 (m, 4H); 3.1-3.5 (m, 4H); 4.95 (s, 1H); 
5.1 (d, J=10 Hz, 1H); 5.2 (d. J=17 Hz, 1H); 5.8 (m, 1H); 6.7 (m, 3H); 7.1 (t, J=8 Hz, 
1 H); 7.4 (t, J=8 Hz, 1 H); 7.55 (d. J=8 Hz, 1 H); 7.65 (d, J=8 Hz. 1 H); 7.85 (s, 1 H); 9.35 
(s.1H). 

EXAMPLE 90 f±V3.f/aRn-a-a2S'.5RM.4-Allvl-2.5-dimethvl-1-PiDerazinvl)-3- 
hydroxybenzyh-N-cvcloDropyl-N-methvlhenzamide. 

NMR (DMSO-d6, 500 MHz): 5 0.4 (m, 4H); 0.95(br s, 3H); 1.05 (br s, 3H); 
1.85 (m. 1H); 2.1 (m. 1H); 2.4-3.0 (m. 5H); 2.9 (s, 3H); 3.1 (m, 1H); 4.95 (br s. 1H); 
5.0-5.2 (br m. 2H); 5.8 (br m, 1H); 6.65 (br m. 3H); 7.1 (br m, 1H); 7.2-7.5 (m, 5H); 
9.35 (s.1H). 

EXAMPLE 91 W-3-ft«R^-4-n-PyrrQlidinvlcarbonvn-a-a2S'.5R*>-4-allvl-2.5- 
dimethvl-1-DiperazinvnbenzvhDhenQl. 

NMR (DMSO-d6. 200 MHz): 8 0.95(d, J=6 Hz. 3H); 1.05 (d. J=6 Hz, 3H); 1.8 
(m, 5H); 2.1 (m. 1H); 2.2-3.0 (m. 7H); 3.1 (m. 1H); 3.4 (m. 2H); 4.95 (s, 1H); 5.05 (d, 
J=10 Hz. 1H); 5.1 (d. J=17 Hz. 1H); 5.8 (m, 1H); 6.65 (m. 3H); 7.3-7.5 (m. 4H); 9.35 
(s.1H). 
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fVAMPLE 92 

Selected compounds of the present invention, Identified below with 
reference to the appertaining synthesis Examples hereof, were evaluated for in vitro 
opioid receptor activity in various receptor systems, including brain tissue (Delta 
Receptor IC50; Mu Receptor IC50), mouse vas deferens (Mouse Vas Deferens 
ED50), and guinea pig ileum (Guinea Pig Ileum ED50). 

The assay procedures used for such determinations of receptor activity are 
set out below. 

in vitro hioassavs : Vasa deferentia were removed from mice and suspended 
between platinum electrodes with 0.5g of tension in organ bath chambers 
containing a modified Krebs' buffer of the following composition (millimolar): NaCI, 
118; KCI, 4.75; CaCI 2 , 2.6; KH 2 P0 4 , 1.20; NaHC0 3 , 24.5; and glucose, 11. The 
buffer was saturated with 95% 0 2 /5% C0 2 and kept at 37°C. Tissues were 
stimulated at supramaximal voltage with 10Hz pulse trains for 400msec; train 
interval 10 seconds; and 0.5 msec pulse duration. Intact ileums (about 3cm length) 
were removed from guinea pig and suspended with 1g of tension in a bath chamber 
as described for the vasa deferentia. The modified Krebs' buffer also contained 
MgS0 4 (1.20mM). The ileums were stimulated with electrical square-wave pulses 
of 0.1 Hz, 0.5msec pulse duration at supramaximal voltage. The percentage 
inhibition of the electrically induced muscle contractions was determined for the 
compounds at varying cumulative concentrations. The ED 50 values were 
extrapolated from curves showing the dose concentration plotted against the 
response (J.A.H. Lord, A.A. Waterfield. J.Hughes, H.W.Kosterlitz. Nature 267, 495, 
(1977)). 

inhibition nf mentor binding. Rat (Sprague-Dawley) brain membranes were 
prepared and binding assays were performed at 24°C for 60 min. as described by 
Chang, et. al (J. Biol. Chem. 254, 2610 (1979) and Mol. Pharmacol. 16, 91 (1979)) 
with a filtration method (GF/C filter).. Delta receptor binding assays were performed 
with 125 l-labeled [D-Ala 2 . D-Leu 5 ] enkephalin (0.24nM) in the presence of the 
highly selective mu-agonist [N-MePhe 3 , D-Pro 4 ] morphiceptin to suppress mu- 
receptor cross-reactivity. Mu receptor binding assays were performed with I- 
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labeled [D-Ala 2 ( N-MePhe 4 , Met(0)ol 5 ] enkephalin (0.1 nM). Non-specific binding 
was determined in the presence of 1 ^iM of the respective unlabeled ligand. The 
potency of compounds in inhibiting the binding of 125 l-labeled enkephalin analogs 
was determined as the concentration which reduced the binding of the labeled 
compounds by 50 percent (IC50). 

Results are shown in Table A below. 
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Table A 

In Vitro Opioid Receptor Activity of Representative Examples 1 



Delta Receptor Mouse Vas Mu Receptor Guinea Pig 
Fremnls iCPnfaMl Dflfr ffflff prvMfnKM \CSO (nM) Hfflim EP5Q fnM) 



6 


1.8(7) 


0.20 (8) 


15(6) 


1 43 (1 2) 


6a 


1.2 


0.17(4) 


5.0 


OA i A\ 

84(4) 


9 


16 


40 (8) 


1.1 


4.0 (12) 


11 


1.5 


>10000 (4) 


600 


3600 (4) 


12 


1.2 


2.0 (4) 


150 


>10000 (4) 


13 


2.8 


(pA2=7.0) b 


2400 


_ A rtArtA IA\ 
>1UUUU \f+) 


15 


0.7 


4400 (4) 


120 


2700 (4) 


24 


7.0 


1.6(4) 


47 




25 


0.4 


2.0 (4) 


70 


300(4) 


34 


4.0 


>10000 (4) 


> 10000 


3700 (4) 


36 


9.1 


2.0(4) 


260 


1300 (4) 


41 


10 


13(4) 


4.0 


6.5(4) 


44 


11 


37(4) 


0.8 


8.0 (4) 


51 


2.5 


52(4) 


130 


3000 (4) 


54 


1.3 


42(4) 


40 


5600 (4) 


59 


20 


2.6 (4) 


100 


1800 (4) 


60 


6.5 


0.30 (12) 


20 


86 (4) 


67 


27 


20(8) 


0.3 


■ 2.1 (8) 


84 


1.6 


8.6 (8) 


3.0 


10(8) 


85 


1.9(2) 


7.3 (16) 


3.2 (2) 


18(16) 



a Values are the mean of (n) number of experiments or represent one determination where no number 
(n) is indicated. 

b Antagonist potency (pA 2 value) as determined by Schiid analysis (Arunlakshana, O: Schild. H. O., 
Brit. J. Pharmacol.1959. 14, 48-58) of data for blockade of inhibitory effect of (D-Ala 2 , D-Leu 5 )- 
enkephalin on electrically stimulated muscle contraction in the mouse vas deferens. 
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Pharmaceutical Fnrmnlyfl ? p f 

In the following formulation Examples, the "Active Ingredient" may be any 
compound of the invention, such as a compound of formulae (l)-(V). 

EXAMPLE 93 

Tablet Formulations 

The following formulations A, B and C are prepared by wet granulation of the 
ingredients with a solution of povidone, followed by addition of the magnesium 
stearate and compression. 



Formulation A 

mgrtablet mo/tabiet 



(a) Active Ingredient 


250 


250 


(b) Lactose B.P. 


210 


26 


(c) Povidone B.P. 


15 


9 


(d) Sodium Starch Glycollate 


20 


12 


(e) Magnesium Stearate 


_5. 


J* 




500 


300 


Formulation R 








moVtablet 




(a) Active Ingredient 


250 


250 


(b) Lactose 


150 




.(c) AvicelPHlOl X 


60 


26 


(d) Povidone B.P. 


15 


9 


(e) Sodium Starch Glycollate 


20 


12 


(f) Magnesium Stearate 


_5 


_3 




500 


300 
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Fftirn.ilation C 





mQ/tablet 


Active Ingredient 


100 


Lactose 


200 


Starch 


50 


PnviHnnfi 


5 


Magnesium stearate 


A 




359 


The following formulations, 


D and E, are | 


admixed ingredients. 




pormulatioiLii 






pgAabtat 


Active ingredient 


250 


Pregelatinised Starch NF15 


150 




400 


Formulation E 


mfl/tablet 


Active ingredient 


250 


Lactose 


150 


Avicel 


100 



500 



rnnm.latinn F f nnntrnlteri FtelPflSe Formulation) 

The formulation is prepared by wet granulation of the following «ngred.ents with a 
solution of povidone followed by addition of the magnesium stearate and 
compression. 
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mg/tablet 



(a) Active Ingredient 500 

(b) Hydroxypropylmethylcellulose 1 1 2 
(Methocel K4M Premium) 

(c) Lactose BP. 53 

(d) Povidone B.P.C. 28 

(e) Magnesium Stearate JL 

500 



Drug release takes place over a period of about 6-8 hours and is complete after 12 
hours. 

EXAMPLE 94 

Capsule Formulations 

Formulation A 

A capsule formulation is prepared by admixing the ingredients of Formulation D in 
Example 62 above and filling into two-part hard gelatin capsules. 

Formulation B 

mq/capsu!e 



(a) Active Ingredient 250 

(b) Lactose B.P. 143 

(c) Sodium Starch Glycollate 25 

(d) Magnesium Stearate _2 

420 



Capsules are prepared by admixing the above ingredients and filling into two-part 
hard gelatin capsules. 
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Formulation C 



mo/oapsute 



(a) Active Ingredient 

(b) Macrogel 4000 BP 



250 
350 
600 



Capsules are prepared by melting the Macrogel 4000 BP, dispersing the active 
ingredient in the melt and filling the melt into two-part hard gelatin capsules. 

Formulation D 



Capsules are prepared by dispersing the active ingredient in the lecithin and 
arachis oil and filling the dispersion into soft, elastic gelatin capsules. 

Formulation F t Controlled Releasa Capsule! 

The following controlled release capsule formulation is prepared by extruding 
ingredients (a), (b) and (c) using an extruder, followed by spheronisation of the 
extrudate and drying. The dried pellets are then coated with the release-controlling 
membrane (d) and filled into two-piece, hard gelatin capsules. 



mg/oapsule 



Active Ingredient 
Lecithin. 
Arachis Oil 



250 
100 
100 
450 



mg/oaosule 



(a) Active Ingredient 

(b) Microcrystalline Cellulose 

(c) Lactose BP 

(d) Ethyl Cellulose 



250 
125 
125 
12. 
513 
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EXAMPLE 95 



Injectable Formulation 
Formulation A 



Active Ingredient 
Hydrochloric acid solution, 0.1 M 
Sodium hydroxide solution, 0.1 M 
Steriie Water 



0.01g 



q.s. to pH 4.0 to 7.0 
q.s. to pH 4.0 to 7.0 
q.s. to 10ml 



The active ingredient is dissolved in most of the water (35°-40°C) and the pH 
adjusted to between 4.0 and 7.0 using the hydrochloric acid or the sodium 
hydroxide as appropriate. The batch is then made up to volume with the water and 
filtered through a sterile micropore filter into a sterile amber glass vial 10ml and 
sealed with sterile closures and overseals. 

Formulation B 

Active Ingredient 0.1 25g 

Sterile, pyrogen-free, pH 7 phosphate buffer q.s. to 25 ml 



The active ingredient is dissolved in the glycofural. The benzyl alcohol is then 
added .and dissolved, and water added to 3 ml. The resulting mixture is filtered 
through a sterile micropore filter and sealed in sterile amber glass vials (3 ml). 



EXAMPLE 96 



intramuscular injection 



Active Ingredient 
Benzyl Alcohol 
Glycofural 75 
Water for Injection 



q.s. to 



0.02 g 
0.10 g 
1.45 g 
3.00 ml 
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FYAMPLE 97 

Syruo 

Active Ingredient 025 9 

Sorbitol Solution 0.10 g 

Glycerol 200 9 

Sodium Benzoate 0.005 g 

Flavour, Peach 1 7.42.31 69 0.01 25 ml 
Purified Water q.s.to 5.00 ml 

The active ingredient is dissolved in a mixture of the glycerol and most of the 
purified water An aqueous so.ution of the sodium benzoate is then added to the 
solution, followed by addition of the sorbitol solution and finally the flavour. The 
volume is made up with purified water and mixed well. 

FXANPIE 99 

Suppository ~ 
Active Ingredient 

Hard Fat, BP (Witepsol H1 5 - Dynamit Nobel) ±LM 

2020 

One-fifth of the Witepso! H15 is meted In a steam-jacketed 

The active ingredient is sifted through a 200 urn sieve and added to the molten 

base with mixing, using a Siiverson fitted with a cutting head, until a smooth 

dispersion is achieved. Maintaining the mixture at 45<>C. the remaning Wnepsol 

H15 is added to the suspension and stirred to ensure a homogeneous mix. The 

erL suspension Is passed through a 250 am stainless stee, 

continuous sirring, is allowed to cool to 40OO. At a temperature of 3S°C to ,4000 

2.0 g of the mixture is filled into suteble, 2 ml plastic molds. The suppositones are 

allowed to cool to room temperature. 

FXAMPU 99 ■ 
Set out below is an illustrative formulation for pessaries comprising at east 
one of the diarylmethyl pipeline or diarylmethylpiperidine compounds of the 
present invention. 
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Ppssaries 



Active Ingredient 
Anhydrate Dextrose 
Potato Starch 
Magnesium Stearate 

The above ingredients are mixed directly and pessaries prepared by direct 
compression of the resulting mixture. 

EXAMPLE 100 

Set out below are additional illustrative formulations in which .the compounds 
of the invention may be usefully employed, including formulations in the dosage 
forms of oral suspensions, injectable suspensions, nebulization suspensions, 
aerosol formulations, powder inhalation formulations, and nasal drops. 



Tablet 

Compound of formula (I) 25.0 mg 

Lactose BP 48.5mg 

Microcrystalline Cellulose BP 10.0mg 

("AvicelpH 101") 

Low-substituted Hydroxypropyl; 1 0mg 

Cellulose BP("LHPC LH-11") 

Sodium Starch Glycollate BP 3^9 
("Explotab") 

Povidone BP ("K30") 3.0mg 

Magnesium Stearate BP 0.5mg 



100.0mg 



mn/nessarv 
250 
380 
363 

-Z 

1000 
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p m i suspension 
Compound of formula (I) 
Avicel RC 591 
Sucrose syrup 
Methylhydroxybenzoate 

Color 

Cherry flavor 
Tween 80 
Water 

intertable suspension 
Compound of formula (I) 
Polyvinyl pyrrolidone (PVP) 
Tween 80 

Methylhydroxybenzoate 
Water for injection 



fiapsiile formulation 
Compound of formula (I) 
Starch 1500 
Magnesium stearate 

Fill the above-described formulation \\ 
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50 mg 
75mg . 
3.5ml 
5mg 

0.01 %w/v 
0.1%v/v 
0.2%v/v 
to 5ml 



100mg 
170mg 
0.2%v/v 
0.1%w/v 
to 3ml 



100mg 
150mg 
2.5mg 

a hard gelatin capsule. 



finspansion for Mflbulization 

Compound of formula (I), sterile 1 Omg 

Water for injection to 10.0ml 

Disperse the compound of formula (I) in the water for injection, as previously 
sterilized in a sterile container. Fill into sterile glass ampoules, 10ml/ampoule 
under sterile conditions, and seal each ampoule by fusion of the glass. 
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Aerosol Formulation 

Compound of formula (I), micronized 1 .Omg 

Aerosol propellant to 5.0ml 

Suspend the micronized compound of formula (I) in the aerosol propellant. Fill this 
suspension into preformed aerosol cannisters, 5 ml/cannister under pressure, 
through the valve orifice. 

Powder Inhalation 

Compound of formula (I), micronized 1 .Omg 

Lactose 29.0mg 

Triturate and blend the micronized compound of formula (I) with the lactose. Fill the 
resulting powder blend into hard gelatin capsule shells. 30mg per capsule. 

Nasal Drops 

Compound of formula (I) 1 0O.Omg 

Methylhydroxybenzoate 10.0mg 

Water for Injection to 1 0.0ml 

Disperse the compound of formula (I) and the methylhydroxybenzoate in the water 
for injection. Fill this suspension into suitable dropper bottles, 10 ml/bottle, and 
close by securing the dropper bottle and bottle cap. 



Example 1d 

The following formulation may be used for microinfusibn applications of 

formulations containing at least one compound of the invention as an active 
ingredient component. 

Microinfusahle formulation 

Active ingredient 0.2 g 

Sodium Chloride 16 g 

Hydrochloric acid solution, 0.1 M q.s. to pH 4.0 to 7.0 

Sodium hydroxide solution, 0.1 M q.s. to pH 4.0 to 7.0 

Sterile water q.s. to 20 ml 
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The active ingredient and sodium chloride are dissolved in most of the wat r (35 - 
400 C ) and the pH is adjusted to betw en 4.0 and 7.0 using the hydrochloric ac.d or 
the sodium hydroxide as appropriate. The bath then is made up to volume wrth the 
water and filtered through a sterile micropore filter into a sterile amber glass vial 20 
ml and sealed with sterile closure and overseals. 

Framnie 102 

Tpn«rtarmal Administration . 

Compositions comprising compounds of formula (I) as an act.ve .ngred.ent 
may be utilized in transdermal administration devices such as transdermal patches. 

The patches bearing or otherwise containing the transdermal formulation are 
positioned on the body of a wearer in such manner as to remain in contact with the 
epidermis of the recipient for a prolonged period of time. 

Such patches suitably comprise the active compound (1) in an optionally 
buffered, aqueous solution, (2) dissolved and/or dispersed in an adhesive, or (3) 
dispersed in a polymer. 

A suitable concentration of the active compound is about 1% to about 35%, 
and preferably from about 3% to about 15%. 

By way of example, the active compound may be delivered from the patch by 
electrotransport or iontophoresis, as generally described in Pharmaceutical 
Research, 3(6), 318 (1986). 

Fvample 103 

A specific example of a transdermal formulation comprising a compound of 
the invention as the active ingredient is set out below. 

T m npH*rmal formulation 

Active ingredient 200m 9 

Alcohol USP °- 1ml 
Hydroxyethyl cellulose 
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Th active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and 
packed in a transdermal device with surface area of 10 cm 2 . 

Modes for Carrying Q yt the Invention 

An advantageous mode of carrying out the invention involves the synthesis 
and use of preferred compounds of the invention (made by any suitable synthesis 
method, as for example the nitrile synthesis route hereinabove described), e.g., a 
compound selected from the group including compounds numbered 7, 16, 29, 37, 
50, 61, 64, 67, 70, 107, 112, 115, 122, 124, 127, 142, 148, 150, 152, 153, 154, 155, 
164, 175, 176, 177, 178, 179, 180, 181 , and pharmaceutical^ acceptable esters, 
salts, and other physiologically functional derivatives thereof, in the treatment of 
conditions or disorders selected from those of the group consisting of: physiological 
pain, diarrhea, urinary incontinence, mental illness, drug and alcohol 
addiction/overdose, lung edema, depression, asthma, emphysema, and apnea, 
cognitive disorders, and gastrointestinal disorders. 

Within the foregoing, an exemplary mode of carrying out the invention with 
respect to the use of compounds of the invention, is the administration of same in a 
pharmaceutical^ safe and effective dose, and in a suitable dosage form, to an 
animal subject, e.g., a human subject, for the purpose of inducing analgesia in 
such animal subject. 

A highly preferred compound species of the present invention is Compound 
(C), 3-((aR)-a-((2S,5R)-4-allyl-2,5-dimethyl-1-pipera2inyl)-3-hydroxybenzyl)-N,N-di- 

ethylbenzamide. 

Industrial Applicability 

Compounds of the present invention are highly selective opioid receptor 
binding compounds having utility as receptor-binding species, e.g., as conjugates 
in agonist/antagonist pairs for verifying/assaying receptor and neurotransmitter 
function. 
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The compounds of the inv ntion include benzhydryl piperazine/piperidine 
compounds useful for mediating analgesia, as well as compounds having utility in 
treating conditions such as drug addiction, alcohol addiction, drug overdose, mental 
illness, gastrointestinal disorders, urinary incontinence, diarrhea, lung edema, 
cough, and respiratory disorders. 

A highly preferred compound within the scope of the present invention. 3- 
((aR)-a-((2S.5R)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N.N- 

diethylbenzamide, is a mixed mu/delta opioid agonist with substantial advantage 
over various known mu receptor compounds currently employed as analgesics. 
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THE CLAIMS 

What we claim is: 

1 . A compound of the formula: 




wherein: 



Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having 
on a first ring carbon atom thereof a substituent Y and on a second ring 
carbon atom thereof a substituent R 1 , 

Y is selected from the group consisting of: 
hydrogen; 

halogen; 
C r C 6 alkyl; 
1 C r C 6 haloalkyl; 
C3-C6 cycloalkyl; 
CyC$ alkoxy; 
C3-C6 cycloalkoxy; 

sulfides of the formula SR 8 where R 8 is C r C 6 alkyl, C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 aryl moiety and an C-j-Cg alkyl 
moiety, or C5-C1 0 aryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 
above; 
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sulfones of the formula S0 2 R 8 where R 8 is the same as 
above; 

nitrile; 

alkoxy^Lylamino (carbamoyl) of the formula NHC0 2 R* where R 8 
is the same as above; 

carboxylic acid, or an ester, amide, or salt thereof; 

aminomethyl of the formula CH 2 Nr9r 10 where R 9 and R may be 
the same or different, and may be hydrogen. C, -C 6 alkyl. C 2 - 
C 6 hydroxyalkyl. C 2 -C 6 methoxyalkyl. C 3 -C 6 cycloalkyl. or C 5 - 
C 10 aryl. or r9 and R 10 together may form a ring of 5 or 6 

carboxylases of the formula CONR^ ° where R* and£0 are the 
same as above, or C 2 -C 30 peptide conjugates thereof. 

sulfonamides of the formula S0 2 Nr9r«> where R 9 and R™ are the 
same as above; and 

-CONR 9 AB, where: 

r9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether mo.ety of 
6-12 atoms; and 

• B is a dimer-forming moiety which is joined to a f.rst valence 
bond of the divalent ligand A. and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 

Z is selected from the group consisting of: 

hydroxyl, and esters thereof; 

hydroxymethyl, and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 



G is carbon or nitrogen ; 

R 1 is hydrogen, halogen, or C1-C4 alkyl; 

r2 j S hydrogen, halogen, or C r C 4 alkyl; 
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R 3 R 4 and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R 3 , R 4 , and R 5 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of: 
hydrogen; 
C r C 6 alkyl; 
C 3 -Ce cycloalkyl; 

aralkyl containing C5-C10 aryl and C1-C6 alkyl moieties; 
alkoxyalkyl containing -C 4 alkoxy and C-| -C 4 alkyl moieties; 
C-1-C4 cyanoalkyl; 
C1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a OyC^ alkyl moiety; and 
R 12 COR 13 , where R 12 is C r C 4 alkylene, and R 13 is C r C 4 alkyl or 
C r C 4 alkoxy; and 

R7 is hydrogen or fluorine, 

subject to the provisos that: 

(1 ) , R 2 and R 7 may be fluorine only when Z is -OH; and 

(2) when G is carbon, R 6 is not aralkyl, 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 

2. A compound according to claim 1 , wherein G is carbon. 

3. A compound according to claim 1 , wherein G is nitrogen. 

4. A compound according to claim 1 , wherein R 6 is a C1-C6 alkyl group. 

5. A compound according to claim 4, wherein R 6 is a C2-C6 alkyl group containing 
ethylenic unsaturation. 
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6. A compound according to claim 5. wherein R 6 is an allyl. 

7. A compound according to claim 1, wherein Ar comprises a monovalent radical of 
a 5-member ring selected from the group consisting of thiophene rings, thiazole 
rings, furan rings, and pyrrole rings, and imidazole rings. 

8. A compound according to claim 1 , wherein Ar is thiophene. 

9. A compound according to claim 8, wherein R 1 and Y are hydrogen. 

10. A compound according to claim 8, wherein R1 is halogen and Y is carboxamide. 

1 1 . A compound according to claim 10, wherein R 1 is bromine. 

1 2. A compound according to claim 1 , wherein Ar is phenyl. 

13. A compound according to claim 12. wherein R 1 is hydrogen, and Y is N.N- 
dialkyl carboxamide wherein each of the dralkyl substituents is independently 
selected from C1.C6 alkyl. 

14. A compound according to claim 1 , wherein Ar comprises a 6-member ring of the 



X 1 and X 2 may be carbon or nitrogen, except that both may not 
simultaneously be nitrogen. 

1 5. A compound of the formula: 



formula: 




wherem: 
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in which Ar is a 5- or 6-member carbocyciic or heterocyclic aromatic ring having on 
a first ring carbon atom thereof a substituent Y and on a second ring carbon thereof 
a substituent R 1 , 

wherein: 

Z = OH , including esters thereof; 

NH 2 , including carboxamides and sulfonamides thereof; or 
CH 2 OH, including esters thereof; 

Y = hydrogen; 
halogen; 
nitrite; 

Ci-C6alkyl; 
C3-C6 cycloalkyl; 
Ci-C6alkoxy; 
C3-C6cycloalkoxy; 

sulfones (S0 2 R 7 ) where R 7 is C1-C6 alkyl, C3-C6 cycloalkyl, 
or C5-10 aryl; 

alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R 7 where is the 
same as above; 

aminomethyl (CH 2 NR 8 R 9 ) where R 8 and R 9 may be the same or different 
and may be hydrogen, C5-C10 aryl, C2-C6 hydroxyalkyl, C2-C6 
methoxyalkyl, C1 -C6 alkyl or C3-C6 cycloalkyl , or taken together may 
form a ring of 5 or 6 atoms; 

sulfonamides (S0 2 NR 8 R 9 ) where R 8 and R 9 are the same as above; 

C1-C6 acyl; 
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carboxyiic acid, including esters and salts thereof; or 
carboxamides (CONR 10 R 11 ) where R 10 and R 11 may be the same or 
different and may be hydrogen, C5-C10 aryl, C1-C6 alkyl, C3-C6 cycloalkyl, 
C2-C6 hydroxyalkyl, or C2-C6 methoxyalkyl, or taken together may form a 
ring of 5 or 6 atoms, or where either R 10 or R 1 1 may be a dipeptide, or where 
either R 1 0 or R 1 1 may be an alkyl or polyether chain of 6-12 atoms joined to 
the corresponding position of another diarylmethyl piperazine moiety so as to 
provide a symmetrical dimeric compound; 

R 1 ,R 2 = hydrogen, halogen, or C1 -C4 alkyl; 

R 3 ,R 4 ,R 5 = hydrogen or methyl, where the total number of methyl groups is 1 or 2 t 
or any two taken together may form a bridge of 1 to 3 carbons; and 

R 6 & hydrogen; 

C1-C6 alkyl; 
C3-C6 cycloalkyl; 
C5-C10 aryl C1-C6 alkyl; 

alkoxyalkyl containing C-1-C4 alkoxy and CyC^ alkyl moieties; 
CyC^ cyanoalkyl; 
C2-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a CyC$ alkyl moiety; or 

•R 1 2 COR 1 3 , where R 1 2 is -C 4 alkylene, and R 1 3 is -C 4 alkyl or 

CyC^ alkoxy; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 

16. A compound of the formula: 
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R 1 




wherein: 
X = nitrogen or carbon ; 

Z = OH or esters thereof; 

NH 2 or carboxamides and sulfonamides thereof; or 

CH 2 OH or esters thereof; 

Y= hydrogen; 
halogen; 
methyl; 
nitrile; 

sulfones (S0 2 R 7 ) where R 7 is C1-C6 alkyl or C5-C10 aryl C1-C6 alkyl; 
alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R 7 where R 7 is the 

same as above; 

carboxamides (CONR 8 R 9 ) where R 8 and R 9 may be the same or 
different and may be hydrogen, C5-C10 aryl, Ct-C6 alkyl, C3-C6 cycloalkyl, 
C2-C6 hydroxyalkyl or C2-C6 methoxyalkyl, or taken together may form a 5- 
or 6-membered ring; 

CONR 8 AB where R 8 is the same as above, A is a divalent ligand selected 
from the group consisting of alkylene and etheric bridging groups, and B is a 
dimer-forming moiety joined to a first valence bond of the divalent ligand A 
and symmetric about A to the compound moiety joined to the other valence 
bond of the divalent ligand A; 

sulfonamides (S0 2 NR 8 R 9 ) where R 8 and R 9 are the same as above; or 
carboxylic acid, or an ester or pharmaceutical^ acceptable salt thereof; 
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R 1 s hydrogen, halogen, or C1-C4 alkyl; 
R 2 = hydrogen or fluorine; 

* R 3 ,R 4 ,R 5 = hydrogen or methyl, where the total number of methyl groups is one or 
two; and 

R 6 = hydrogen, C1-C6 alkyl or C3-C6 cycloalkyl; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 

17. A compound according to claim 16, wherein: 

X s nitrogen or carbon; 

Z = OH or an ester thereof; 

NH 2 or a carboxamide or sulfonamide thereof; or 

CH 2 OH; and 

Y = hydrogen; halogen ; methyl; nitrile; sulfones of the formula S0 2 R 7 where R 7 is 
C1-C6 alkyl or C5-C10 aryl C1-C6 alkyl; alkoxycarbonylamino (carbamoyl) of the 
formula NHC0 2 R 7 where R 7 is the same as above; carboxamides (CONR 8 R 9 ) 
where R 8 and R 9 may be same or different and may be hydrogen, C5-C10 aryl. C1- 
C6 alkyl, C3-C6 cycloalkyl, C2-C4 hydroxyalkyl, or C2-C4 methoxyalkyl, or taken 
together may form a 5- or 6-membered ring; sulfonamides (S0 2 NR 8 R 9 ) where R 8 
and R 9 are the same as above; or carboxylic acid, or an ester or pharmaceutical^ 
acceptable salt thereof; 

R 1 = hydrogen, methyl, or halogen; 
R 2 e hydrogen or fluorine; 

R 3 ,R 4 and R 5 = hydrogen or methyl, where the total number of methyl groups 
is 1 or 2; and 
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R 6 = C1-C6 alky I or C3-C6 cycloalkyl; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 

18. A compound according to claim 17, wherein R 6 is selected from the group 
consisting of methyl, ethyl, propyl, butyl, allyl, cyclopropylmethyl, 2-buten-1-yl,2- 
methyl-2-propen-1-yl, and 2-chloro-2-propen-1-yl. 

19. A compound according to claim 17, wherein NR 8 R 9 is selected from the group 
consisting of: 

H Et M Me 'JEL 

^ *C *C < < 

H H H "Me "Me 



"Me 



tf BU t/ B bf 9 * tC*\ 

"Me "Me s £f "Me V> 



N NMe 



%e and % 



20. A compound of the formula: 




wherein: 
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Ar is a 5- or 6-member carbocyclic or h terocyclic aromatic ring having on a 
first ring carbon atom thereof a substituent Y and on a second ring carbon atom 
thereof a substituent R 1 ; 

Z = OH or esters thereof; 

NH2 or carboxamides or sulfonamides thereof; or 
CH2OH or esters thereof; 

Y = hydrogen; 

sulfoxides (SOR 7 ) where R 7 is Ci-C 6 alkyl or C3-C6 cycloalkyl; 
carboxamides (CONR 8 R 9 ) where R« and R 9 may be the same or different, and 
may be hydrogen, Ci-C 6 alkyl. C 2 -C 6 hydroxyalkyl or C 2 -C 6 methoxyalkyl. C 3 -C 6 
cycloalkyl. or C5-C10 aryl. or C 2 -C 30 peptide conjugates, or R 8 and R 9 together 
may form a ring of 5 or 6 atoms; or 

sulfonamides (S0 2 NR 8 R 9 ) where R 8 and R 9 are the same as above; 
R 1 , R 2 = hydrogen or fluorine; 

R3> R 4 rs = hydrogen or methyl, where the total number of methyl groups is one or two; 
and 

R6 = hydrogen, C r C 6 alkyl. C r C 4 methoxyalkyl, or C 3 -C 6 cycloalkyl; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional derivative 
thereof. 

21. A compound according to claim 20. wherein the aryl moiety Ar is selected from the 
group consisting of phenyl, thiazolyl, furanyl, thiophenyl, and pyrrolyl. 

22 A compound according to claim 20, wherein the aryl moiety Ar in addition to the Y 
and R1 aromatic ring substituents, is: further substituted with another, stencally 
acceptable organo substituent. 

23. A compound according to claim 20, wherein Y is carboxamide. 

24. Diarylmethyl piperazines of the formula: 
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-1 R 2 




wherein: 

Z= OH or esters thereof ; 

NH2 or carboxamides or sulfonamides thereof; or 
CH2OH or esters thereof; 

Y= hydrogen; 

sulfoxides (SOR 7 ) where R 7 is C r C 6 alkyl or C3-C6 cycloalkyl; 
carboxamides (CONR 8 R 9 ) where R 8 and R 9 may be the same or different, and 
may be hydrogen. Ci-Cs alkyl, C 2 -C 6 hydroxyalkyl, C 2 -C 6 methoxyalkyl, C 3 -C 6 
cycloalkyl, C 5 -Ci 0 aryl, or C2-C30 peptide conjugates, or R 8 and R? together may 
form a ring of 5 or 6 atoms; or 

sulfonamides (S02NR 8 R 9 ) where R 8 and R 9 are the same as above; 
R 1 , R 2 = hydrogen or fluorine; 

R3i R 4 R 5 = hydrogen or methyl, where the total number of methyl groups is one or two; 
and 

R 8 = hydrogen, Ci-C 6 alkyl, C 2 -C 6 methoxyalkyl, or C 3 -C 6 cycloalkyl; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional derivative 
thereof. 

25. A compound according to claim 24, wherein: 
Z= OH; 
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Y = carboxamides (CONR 8 R 9 ) where R» and R 9 may be the same or different, and 
may be hydrogen, d-C 6 alkyl. Cs-Cs cycloalkyl, or C 5 -C, 0 aryl, or R8 and R 9 
together may form a ring of 5 or 6 atoms; 

Ri,R2 = hydrogen; 

R3, R4, R5 = hydrogen or methyl, where the total number of methyl groups is one or two; 
and 

R6 = hydrogen. Ci-C 6 alkyl, CrC 6 methoxyalkyl, or C 3 -C 6 cycloalkyl. 

26. A compound according to claim 25, wherein Y is carboxamide and NR8R9 is 
selected from the group consisting of: 

H ,Et ,Et Me ,Et 



Ph ,Pr ^ . 

tf t/ and 

%e *Me 

27. A compound selected from the group consisting of: 



o 





s X.CH3 S f Y* ° rV CH3 

CHa-CHsCHa C^CHaCHj CH^CHsC^ 



O 
ii 



o 

II 



CH 2 C=CH2 CH 3 
CH 3 
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CH2 CH— CH2. 

or a pharmaceutically acceptable ester, salt, or other physiologically functional 
derivative thereof. 

28. A compound selected from those of the group consisting of: 

(±)-3-((aR*)-a-((2S^5R*)-^ 
fonyl)benzyl)phenoi; 

(±)-N-(4-((aR # )-a-((2S # ,5R # )-4-Ally|.2 f 5-dimethyl-1- 

piperazinyl)-3-hydroxybenzyl)benzoyl)glycylglycine; 

(±)-4-((aR # )-a-((2R* l 5S*)-2,5-DimethyM-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide; 

cis-4-(a-(4-((Z)-2-Butenyl)-3 f 5-dimethyl-1 -piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide; 

N.N-Diethyl^^S-hydroxy-a-tcis-S^.S-trimethyl-l-piperazinyObenzyObenzamide; 
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N,N-Diethyl-4-(3-hydroxy-(aR)-a-((2S.5S)-2,4,5-trimethyl-1-piperazin- 
yl)benzyl)benzamide; 

N,N-Diethyl-4-(3-hydroxy-(aR)-a-((2R,5R)-2,4.5-trimethyl-1-piperazin- 
yl)benzyl)benzamide; 

3- ((aR)-4-(1-Pyrrolidinylcarbonyl)-a-{(2S,5S)-2,4,5-trimethyl-1-piper- 

azinyl)benzyl)phenol; 
N-Ethyl-4-((aS)-3-hydroxy-a-((2S.5S)-2,4,5-trimethyM-piperazinyl)benzyl)-N- 
methylbenzamide; 

4- (a-(*/a/JS-2.5-Dimethyl-4-(2-methylallyl)-1-piperazinyl)-3-hydroxybenzyl)-N.N- 

diethylbenzenesulfonamide; 

(±)-3-((aR*)-a-((2R*,5S*)-4-Allyl-2,5-dimethyl-1-piperazinyl)benzyl)phenol; 

(±)-4-((aR*)-a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxy- 
benzy!)benzamide; 

(±)-4-((aR*)-a-((2S*,5R*)-4-Allyl-2.5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N- 
ethyl-N-(2-hydroxyethyl)benzamide; 

(±)-5-((aR*)-a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-3- 
bromo-N ,N-diethyl-2-thiophenecarboxamide ; 

(±)-3-((R*)-((2S%5R*)-4-Allyl-2,5Klimethyl-1-piperazinyl)(2-thienyl)methyl)phenol; 

(+)-3-((aS)-a-((2S,5R)-4-Allyl-2,5-dimethyl-1-piperazinyl)benzyl)phenol; 

3-((aR*)-a-((2S*,5R*)-4-Allyl-2.5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N,N- 
diethylbenzamide; 

3-((R)-((2S,5R)-4-Allyl-2,5Klimethyl-1-piperazinyl)(2-thienyl)methyl)phenol; 

3-((aR)-c-.-((2S,5R)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N,N- 
diethylbenzamide; 

(±)-3-((R*)-((2S*,5R-)-4-Allyl-2,5-dimethyl-1-piperazlnyl)(3-thienyl)methyl)phenol; 

(±)-4-((aR # )-a-((2S*,5R # )-4-(Cyanomethyl)-2,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N.N-diethylbenzamide; 

(+)-3-((R")-((2S%5R*)-4-Allyl-2,5Kiimethyl-l-piperazinyl)-3-pyridinylmethyl)phenol; 
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(±)-4-((aR>a-((2S^5R*)-^ 

diethylbenzenesulfonamicle; 

(±)-3-((R*)-((2^5S>4-AII^ 

(±)-3-((aR*)-a-((2S%5R*)-4-Allyl-2 ( 5-dimethyl-1-pipera2inyl)-3-hydroxy^ 
methyl-N-propylbenzamide; 

(±)-3-((aR*)-a-((2S\5R*)-4-Allyl-2 I 5-dimethyl-1-piperazinyl)-3-hydroxyben 
ethyl-N-methylbenzamide; 

(±)-3-((aR>a-((2S^5R*)-4^^ 
dimethylbenzamide; 

(±)-3-((aR*)-a-((2S\5R*)-4-AllyI-2 t 5-dimethyl-1-piperazinyl)-3-hydro 
ethylbenzamide; 

(±)-3-((aR>a-((2S^5R>4-Allyl-2,5-d^ 
cyclopropyl-N-methylbenzamide; and 

(±)-3-((aR>4-(1-Pyrrolidinyta^ 
piperazinyl)benzyl)phenol; 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 

29. 3-((R)-((2S,5R)-4-Allyl-2,5-dimethyl-1-piperazinyl)(2-th1enyl)methyl)phen or 
a pharmaceutical^ acceptable salt thereof. 

30. 3-((aR*)-a-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)- 
N,N-diethylbenzamide, or a pharmaceutically acceptable salt thereof.. 

31. 3-((aR)-a-((2S,5R)-4-Allyl-2,5-dimethyM-piperazinyl)'3-hydroxybenzyl)-N,N- 
diethylbenzamide, or a pharmaceutically acceptable salt thereof. 

32. A compound according to any of the preceding claims, exhibiting binding 
selectivity for at least one cellular receptor selected from the group consisting of 
delta receptors, mu receptors, kappa receptors, sigma receptors, and combinations 
thereof. 
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33. A compound according to claim 1 , exhibiting mu receptor binding activity. 

34. A compound according to claim 1 , exhibiting delta receptor binding activity. 

35. A compound according to claim 1 , exhibiting receptor-binding agonist activity. 

36. A compound according to claim 35, wherein said agonist activity comprises 
mediating analgesia. 

37. A compound according to claim 1, exhibiting mu receptor binding activity and 
delta receptor binding activity. 

38. A pharmaceutical composition in a form suitable for oral or injectable 
administration, comprising a compound of the formula: 



R 7 




wherein: 

Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having 
on a first ring carbon atom thereof a substituent Y and on a second ring 
carbon atom thereof a substituent R 1 , 

Y is selected from the group consisting of: 

hydrogen; 

halogen; 
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C r C 6 alkyl; 
C r Cg haloalkyl; 
C3-C6 cycloalkyl; 
CyC$ alkoxy; 
C3-C6 cycloalkoxy; 

sulfides of the formula SR 8 where R 8 is C r C 6 alkyl, C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 aryl moiety and an C r C 6 alkyl 
moiety, or Cs-Cioaryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 
above; 

sulfones of the formula S0 2 R 8 where R 8 is the same as 
above; 

nitrite; 
C r C 6 acyl; 

alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R° where R° 

is the same as above; 

carboxylic acid, or an ester, amide, or salt thereof; 

aminomethyl of the formula CH 2 NR 9 R 10 where R 9 and R 10 may be 
the same or different, and may be hydrogen, C-| -Cg alkyl, C 2 - 
C 6 hydroxyalkyl, C 2 -C6 methoxyalkyl, C 3 -C 6 cycloalkyl, or C 5 * 
C<\ 0 aryl, or R 9 and R 1 0 together may form a ring of 5 or 6 
atoms; 

carboxamides of the formula CONR 9 R 10 where R 9 and R 10 are the 
same as above, or C 2 -C3q peptide conjugates thereof; 

sulfonamides of the formula S0 2 NR 9 R 10 where R 9 and R 10 are the 
same as above; and 

-CONR 9 AB, where: 

R 9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether moiety of 
6-12 atoms; and 

B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A, and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 



187 



WO 93/15062 



PCT/GB93/002I6 



Z is selected from the group consisting of: 

hydroxy I, and esters thereof; 

hydroxymethyl.and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 



G is carbon or nitrogen ; 



R 1 is hydrogen, halogen, or C r C 4 alkyl; 
R 2 is hydrogen, halogen, or C1-C4 alkyl; 

R 3 , R 4 , and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R 3 , R 4 , and R 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of : 

hydrogen; 

c-j-Ce 8 *y | : 
C3-C6 cycloalkyl; 

aralkyl containing C5-C1 0 aryl and C1-C6 alkyl moieties; 
alkoxyalkyl containing C1 -C 4 alkoxy and C-| -C 4 alkyl moieties; 
C1-C4 cyanoalkyl; 
C-1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a C r C4 alkyl moiety; and 
R 12 COR 13 . where R 12 is C r C 4 alkylene. and R 13 is C r C 4 alkyl or 
C1-C4 alkoxy; and 

R 7 is hydrogen or fluorine, 



subject to the provisos that: 

(1) R 1 , R 2 and R 7 may be fluorine only when Z is -OH; and 

(2) when G is carbon, R6 is not aralkyl. 

or a pharmaceutically acceptable ester, salt, or other physiologically functional 
derivative thereof, 
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and a pharmaceutical^ acc ptable carrier for said compound or a pharmaceutically 
acceptable ester, salt, or other physiologically functional derivative thereof. 

39. A pharmaceutical composition according to claim 38 in a form suitable for 
injectable administration. 

40. A pharmaceutical composition according to claim 38 in a form suitable for 
intrathecal administration. 

41. A pharmaceutical composition comprising a compound according to any one of 
claims 1-37. 

42. A pharmaceutical composition comprising a compound according to any one of 
claims 1-37, in unit dosage form. 

43. A method of evaluating receptor and/or neurotransmitter function in an animal 
subject, or cellular or histological sample therefrom, comprising comparatively 
binding to receptor loci of said subject or sample, a conjugate pair of 
agonist/antagonist receptor combinant species comprising as one of said species a 
compound selected from those of the formula: 




wherein: 
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Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having 
on a first ring carbon atom thereof a substituent Y and on a second ring 
carbon atom thereof a substituent R 1 , 

Y is selected from the group consisting of: 

hydrogen; 

halogen; 

C r Ce alkyl; 

C-pCg haloalkyl; 

C3-C 6 cycloalkyl; 

C r C 6 alkoxy; 

C3-C5 cycloalkoxy; 

sulfides of the formula SR 8 where R 8 is C r C 6 alkyl. C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 aryl moiety and an C r C 6 alkyl 
moiety, or C5-Cioaryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 
above * 

sulfones of the formula S0 2 R 8 where R 8 is the same as 
above; 

nitrite; 

C r C 6 acyl; fl 
alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R° where R 

is the same as above; 

carboxylic acid, or an ester, amide, or salt thereof; 

aminomethyl of the formula CH 2 NR 9 R 10 where R 9 and R may be 
the same or different, and may be hydrogen, C-j -C 6 alkyl, C 2 - 
C 6 hydroxyalkyl, 0^06 methoxyalkyl, C 3 -C 6 cycloalkyl. or C 5 - 
0 aryl, or R 9 and R 1 0 together may form a ring of 5 or 6 

atoms; in 
carboxamides of the formula CONR 9 R 10 where R 9 and R 10 are the 

same as above, or C 2 -C 30 peptide conjugates thereof; 
sulfonamides of the formula S0 2 NR 9 R 10 where R 9 and R 10 are the 

same as above; and 
-CONR 9 AB, where: 

R 9 is the same as above; 
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A is a divalent ligand comprising an alkyl or polyether moi ty of 
6-12 atoms; and 

B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A, and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 

Z is selected from the group consisting of: 

hydroxyl, and esters thereof; 

hydroxymethyl, and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 

G is carbon or nitrogen ; 

R 1 is hydrogen, halogen, or C r C 4 alkyl; 

R 2 is hydrogen, halogen, or C r C 4 alkyl; 

R 3 R 4 , and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R 3 , R 4 , and R 5 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of: 
hydrogen; 
C r C 6 alkyl; 
C3-C6 cycloalkyl; 

aralkyl containing C5-C10 aryl and C1-C6 alkyl moieties; 
alkoxyalkyl containing C r C . alkoxy and C r C 4 alkyl moieties; 

C1-C4 cyanoalkyl; 
C1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a C r C 4 alkyl moiety; and 
R 12 COR 13 where R 12 is C r C 4 alkylene, and R 13 is C r C 4 alkyl or 
Ci-C 4 alkoxy; and 

R 7 is hydrogen or fluorine, 
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subject to the provisos that: 

(1 ) R 1 , R 2 and R 7 may be fluorine only when Z is -OH; and 

(2) when G is carbon, R 6 is not aralkyl, 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 



44. A method of mediating analgesia in an animal subject in need of such 
treatment, comprising administering to said animal subject an effective amount of 
an analgesia-inducing compound selected from those of the formula: 




wherein: 



Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having 
on a first ring carbon atom thereof a substituent Y and on a second ring 
carbon atom thereof a substituent R 1 , 



Y is selected from the group consisting of: 

hydrogen; 

halogen; 

C r C 6 alkyl; 

C-j-Cq haloalkyl; 

C 3 -C 6 cycloalkyl; 
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C1-C5 alkoxy; 
C3-C6 cycloalkoxy; 

sulfides of the formula SR 8 where R 8 is C r C 6 alkyl, C 3 -C 6 cycloalkyl. 

arylalkyl comprising a C5-C10 aryl moiety and an C r C 6 alkyl 

moiety, or Cs-Cirjaryl; 
sulfoxides of the formula SOR 8 where R 8 is the same as 

above; 

sulfones of the formula S0 2 R 8 where R B is the same as 
above; 

nitrile; 

C r C 6 acyl; - 
alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R° where R 

is the same as above; 

carboxylic acid, or an ester, amide, or salt thereof; . 

aminomethyl of the formula CH 2 NR 9 R 1 0 where R 9 and R 1 u may be 
the same or different, and may be hydrogen, C-| -C 6 alkyl, C 2 - 
C 6 hydroxyalkyl, C2-C6 methoxyalkyl. C 3 -C 6 cycloalkyl, or C 5 - 
C 1 0 aryl, or R 9 and R 1 0 together may form a ring of 5 or 6 

atoms; n 
carboxamides of the formula CONR 9 R 10 where R 9 and R 1U are the 

same as above, or C 2 -C3o peptide conjugates thereof ; 
sulfonamides of the formula S0 2 NR 9 R 1 0 where R 9 and R 10 are the 

same as above; and 
-CONR 9 AB, where: 

R 9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether moiety of 
6-12 atoms; and 

B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A. and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 



Z is selected from the group consisting of: 
hydroxyl. and esters thereof; 
hydroxymethyl, and esters thereof; and 
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G is carbon or nitrogen ; 

R 1 is hydrogen, halogen, or C r C 4 alkyl; 

R 2 is hydrogen, halogen, or C1-C4 alkyl; 

R 3 r4 and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number oi 
methyl groups does not exceed two, or any two of such R , R , ana n 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of: 

hydrogen; 
CyCg alkyl; 
C3-C6 cycloalkyl; 

aralkyl containing C5-C10 aryl and Ci-C 6 alkyl moieties; 
alkoxyalkyl containing C r C 4 alkoxy and C r C 4 alkyl moiet.es; 
Ci-C 4 cyanoalkyl; 
C1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a C r C 4 alkyl moiety; and 
r12 C OR 13 , where R 12 is C r C 4 alkylene, and R 13 is C r C 4 alkyl or 
C-|-C 4 alkoxy; and 

R 7 is hydrogen or fluorine, 

subject to the provisos that: 

(1) R 1 , R 2 and R 7 may be fluorine only when Z is -OH; and 

(2) when G is carbon, R 6 is not aralkyl, 

or a pharmaceutical acceptable ester, salt, or other physiologically functional 
derivative thereof. 
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45. A method of effecting a receptor-mediated therapeutic treatment of an animal 
subject in need of such treatment, for a condition selected from the group consisting 
of: pain; mental, emotional, and/or cognitive disorder; gastrointestinal disorder; 
alcohol and/or drug abuse and/or overdose; cough; diarrhea; urinary incontinence; 
lung edema; depression; and respiratory disorders, 

said method comprising administering to said animal subject an effective amount of 
a therapeutically effective compound for said treatment, selected from those of the 
formula: 

R 7 




wherein: 

Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having 
on a first ring carbon atom thereof a substituent Y and on a second ring 
carbon atom thereof a substituent R 1 , 

Y is selected from the group consisting of: 
hydrogen; 

halogen; 
CT^alkyl; 
C-|-Cg haloalkyl; 
C3-C6 cycloalkyl; 
C-pCealkoxy; 
C3-C5 cycloalkoxy; 
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sulfides of the formula SR 8 where R 8 is C r C 6 alkyl, C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 aryl moiety and an C r C 6 alkyi 
moiety, orC5-CiO aryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 

above; _ „ 

sulfones of the formula S0 2 R 8 where R 8 is the same as 

above; 

nitrile; 

C r C 6 acyl; R . _ 8 

alkoxycarbonylamino. (carbamoyl) of the formula NHC0 2 R 8 where R 

is the same as above; 
carboxylic acid, or an ester, amide, or salt thereof; 10 
aminomethyl of the formula CH 2 NR 9 R 1 0 where R 9 and R'° may be 
the same or different, and may be hydrogen, d -C 6 alkyl, C 2 - 
C 6 hydroxyalkyl, C 2 -C 6 methoxyalkyl, C 3 -C 6 cycloalkyl, or C 5 - 
C, o aryl, or R 9 and R 1 0 together may form a ring of 5 or 6 

atoms; _ ift x . ' 

carboxamides of the formula CONR 9 R«> where R 9 and R^ 0 are the 

same as above, or C 2 -C 30 peptide conjugates thereof, 
sulfonamides of the formula S0 2 NR9R 10 where R 9 and R^ are the 

same as above; and 
-CONR 9 AB, where: 

r9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether moiety of 
6-12 atoms; and 

B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A, and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 

Z is selected from the group consisting of: 

hydroxyl, and esters thereof; 

hydroxymethyl,and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 
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G is carbon or nitrogen ; 

R 1 is hydrogen, halogen, or CyC^ alkyl; 

R 2 is hydrogen, halogen, or C1-C4 alkyl; 

R 3 , R 4 , and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R 3 , R 4 , and R 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of; 
hydrogen; 
C r C 6 alkyl; 
C3-C6 cycloalkyl; 

aralkyl containing C5-C10 aryt and C1-C6 alkyl moieties; 
alkoxyalkyl containing C r C 4 alkoxy and C r C 4 alkyl moieties; 
C1-C4 cyanoalkyl; 
C1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a C1-C4 alkyl moiety; and 
R 12 COR 13 where R 12 is C r C 4 alkyleoe, and R 13 is C r C 4 alkyl or 
C1-C4 alkoxy; and 

R 7 is hydrogen or fluorine, 

subject to the provisos that: 

(1 ) R 1 , R 2 and R 7 may be fluorine only when Z is -OH; and 

(2) when G is carbon, R 6 is not aralkyl, 

or a pharmaceutical^ acceptable ester, salt, or other physiologically functional 
derivative thereof. 



46. The. use of a compound according to any of claims 1-37 in the manufacture of a 
medicament for the treatment or prophylaxis of one or more conditions or disorders 
selected from the group consisting of physiological pain, diarrhea, urinary 
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incontinence, mental illness, drug and alcohc. -*^ , *r^ n d> ^ 
depression, asthma, emphysema, and apnea, cogn.fve d.sorders. and 

gastrointestinal disorders. 

47. The human therapeutic use of a compound according to any of claims 1-37. 

48 The use of a compound according to any of claims 1-37 in the manufacture of a 
medicament for inducing or mediating analgesia in a human subject. 

49. A process for the preparation of a compound of the formula (IA): 

R 7 
\ 




in which Ar is a 5- or 6-member carbocyclic or heterocyclic aromatic ring having on 
a first ring carbon atom thereof a substttuent Y and on a second ring carbon atom 
thereof a substituent R 1 , 
wherein: 

Y is selected from the group consisting of: 

hydrogen; 

halogen; 

C r C 6 alkyl; 

CyCQ haloalkyl; 

C3-C6 cycloalkyl; 

C-j-Cg alkoxy; 

C3-C6 cycloalkoxy; 
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sulfides of the formula SR 8 where R 8 is C r C 6 alkyl, C 3 -C 6 cycloalkyl, 
arylalkyl comprising a C5-C10 ary' moiety and an C r C 6 alkyl 
moiety, or Cs-Cioaryl; 

sulfoxides of the formula SOR 8 where R 8 is the same as 
above; 

sulfones of the formula S0 2 R 8 where R 8 is the same as 
above; 

nitrite; 
C r C 6 acyl; 

alkoxycarbonylamino (carbamoyl) of the formula NHC0 2 R° where R° 

is the same as above; 

carboxylic acid, or an ester, amide, or salt thereof; 

aminomethyl of the formula CH 2 NR 9 R 10 where R 9 and R 10 may be 
the same or different, and may be hydrogen, CyC$ alkyl, C 2 - 
C 6 hydroxyalkyl, C2-C6 methoxyalkyl, C 3 -C 6 cycloalkyl, or C 5 - 
C-i o aryl, or R 9 and R 1 0 together may form a ring of 5 or 6 
atoms; 

carboxamides of the formula CONR 9 R 10 where R 9 and R 10 are the 

same as above, or peptide conjugates thereof; 
sulfonamides of the formula S0 2 NR 9 R 10 where R 9 and R 10 are the 

same as above; and 
-CONR 9 AB, where: 

R 9 is the same as above; 

A is a divalent ligand comprising an alkyl or polyether moiety of 
6-1 2 atoms; and 

B is a dimer-forming moiety which is joined to a first valence 
bond of the divalent ligand A, and which is symmetric about the 
divalent ligand A to the compound moiety joined to the other 
valence bond of the divalent ligand A; 



Z is selected from the group consisting of: 

hydroxyl, and esters thereof; 

hydroxymethyl, and esters thereof; and 

amino, and carboxamides and sulfonamides thereof; 
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R 1 is hydrogen, halogen, or C-| -C4 alkyl; 
r2 i S hydrogen, halogen, or C r C 4 alkyl; 

r3 r4 and R 5 may be the same or different, and are independently selected 
from hydrogen and methyl, subject to the proviso that the total number of 
methyl groups does not exceed two, or any two of such R . R , and R 
substituents together may form a bridge including 1 to 3 carbon atoms; 

R 6 is selected from the group consisting of: 

hydrogen; 
CyC$ alkyl; 
C3-C6 cycloalkyl; 

aralkyl, wherein the alkyl moiety contains from one to six carbon 

aJtoxy'alkyl containing d -C 4 alkoxy and -C 4 alkyl moieties; 
C1-C4 cyanoalkyl; 
C1-C4 hydroxyalkyl; 

aminocarbonylalkyl containing a C r C 4 alkyl moiety; and 
r12cOR 13 . where R 12 is C r C 4 alkylene, and R 13 is C r C 4 alkyl or 
d-C 4 alkoxy; and 

R 7 is hydrogen or fluorine, 

subject to the proviso that R 1 , R 2 and R 7 may be fluorine only when Z is -OH; 

or a pharmaceutical acceptable ester, salt, or other physiologically functional 
derivative thereof, 

said process comprising a synthesis procedure selected from the group 
consisting of synthesis procedures (A), (B). (C), (D), (E), (F), (G). (H), (I), (J), (K). (L). 
and (M) below: 

(A) the alkylation of a piperazine of formula (VII) by an alkylating agent of 
formula (VI), 
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H 



R6 (VII) 



wherein Ar, R1 - R 7 , Y and Z are as defined in formula (IA), wherein Z optionally 
may be protected by a protecting group, and wherein x1 is a suitable leaving group; 

(B) the transformation of a compound of formula (VIII), 




wherein Ar, R1 - R 6 , and Z are as defined in formula (IA), wherein Z optionally may 
be protected with a protecting group, and Y in the group Ar is restricted to reactive 
halogen, or in the case where Ar is a heterocvyclic ring, hydrogen, 

into a compound of formula (IA) wherein R 7 is hydrogen and Y may be any group 
as defined in formula (IA) that is compatible with the transformation, via a metal- 
mediated substitution reaction, including intermediate formation of a corresponding 
arylmetatlic compound, to provide a new substituent Y at the position of the prior 
substituent Y; 
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(C) reacting an alkylating agent of formula (VI) with a piperazine of formula 

(VII), 

with the proviso that when the group R6in the compound of formula 
(IA) so formed is hydrogen, the compound of formula (IA) may be: 

further alkylated with an alkylating agent of the formula R 6 -X1 , 

wherein R 6 is an organo group; or 

reductively aminated with an aldehyde in the presence of a 

reducing agent, 

to yield a compound of formula (IA) with a substituent group R6 as defined in 
formula (IA) other than hydrogen; 

(D) treating a compound of formula (VIII) with a cyanating reagent, to yield a 
corresponding compound of formula (IA) wherein Y is nitrite; 

(E) hydrolyzing a compound of formula (IA) with alkali or aqueous mineral 
acid to yield a compound of formula (IA) wherein Y is carboxylic acid; 

(F) converting a compound of formula (IA) wherein Y is carboxylic acid to a 
compound of formula (IA) wherein Y is carboxamide selected from carboxamide groups 
of the formulae CONR9R 1 <> an d CONR9AB as defined in formula (IA), by preparing a 
corresponding active intermediate wherein said Y group is selected from the group 
consisting of: 

an acid chloride, 

a mixed anhydride, or 

an activated ester, 
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and converting said active intermediate to said compound of formula (IA) wherein Y 
is carboxamide, by reaction of said active intermediate with an amine of the formula 
HNR9Rl0orHNR9ANR9H; 

(G) reacting one of said active intermediates of process (F) with a peptide to 
yield a compound of formula (IA) wherein Y is a peptide conjugate of a 
carboxamide; 

(H) converting a compound of formula (VIII) to a corresponding intermediate 
arylmetallic compound by a reaction selected from the group consisting of (i) low- 
temperature metal exchange of the reactive halogen with an organometallic 
reagent, or an activated form of a metal, or, (ii) where Ar is a heterocyclic ring, by 
proton abstraction with an organometallic reagent, and reacting said intermediate 
arylmetallic compound with carbon dioxide to yield the corresponding carboxylic 
acid, and converting the carboxylic acid to the corresponding carboxamide by the 
method of process (G); 

(I) converting a compound of formula (VIII) to a corresponding intermediate 
arylmetallic compound by a reaction selected from the group consisting of (i) low- 
temperature metal exchange of the reactive halogen with an organometallic 
reagent, or an activated form of a metal, or, (ii) where Ar is a heterocyclic ring, by 
proton abstraction with an organometallic reagent, and reacting said intermediate 
arylmetallic compound with sulfur dioxide to yield the corresponding sulfinic acid, 
converting the corresponding sulfinic acid to the corresponding sulfonyl chloride 
compound, and treating the corresponding sulfonyl chloride compound with an 
amine of the formula HNR9R 10 to yield a compound of formula (IA) wherein Y is 
sulfonamide of the formula SC>2NR 9 R 10 ; 
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(J) converting a compound o. formula (VIII) to a corresponding in,ermed,ate 
arylme.* compound b, a reason selected from the group consist o, n, low- 
.emperature mem! exchange of .he reac«ve hatogen with an organomet* 
reagent or an a*a,ed ,orm .up*, or. » where Ar is a heterocyclic nng by 
prc.cn abstract with an organome* reagent, and rearing said intermedia 
arylme.* compound w«h an aminccarbony. chloride compound o, .he ormuia 
dCONRSRl" to yield a compound of formula (lA) wherein Y is CONR R . 

(K) .reaing a compound o. formula (VIII) wHh a transit metal cataiyst in the 
presence of excess an*« and carbon monoxide, to yield a compound o. formula 
(IA) wherein Y is CONFER 10 ; 

(L) converting a compound of formula (Vill) to a corresponding intermediate 
arylmetallic compound, by a conversion reaction seiected from the group consisting 

(i) low-temperature metal exchange of the reactive halogen with an 
organometallic reagent, or an activated form of a metal, or. 
where Ar is a heterocyclic ring, by proton abstraction with an 
organometallic reagent, and 
reacU „g said intermediate a„,me.a,,,c compound wtth an alkyltfina agent .o yield a 
compound of formula (IA) wherein Y is alkyl or acyl; and 

,M, converting a compound of formula (IA) wherein Y is carboxy«c add to a 
compound of formula (IA) wherein Y is alkoxyaminocarbonyl. by a Curtrus 
rearrangement reaction; 
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and thereafter, or simultaneously, therewith, effecting one or more of the following 

optional conversions: 

(i) removing any remaining protecting groups; 

(ii) when a compound of formula (IA) is formed, converting it into a 
pharmaceutical^ acceptable ester, salt or other physiologically 
functional derivative thereof; 

(iii) when a physiologically functional derivative of a compound of formula 
(IA) is formed, converting the said derivative into a compound of 
formula (IA), or a different derivative thereof. 

50. A process for the preparation of a compound of the formula (IA) according to claim 
49, wherein said compound of formula (IA) is obtained as a single enantiomeric species 
by a method selected from those of the group consisting of: 

(a) resolution with an enantiopure acid; 

(b) formation of separable diastereomers by use of an enantiopure derivatizing 

agent; 

(c) chiral chromatography; . 

(d) enzymatic resolution of a compound of formula (IA) or a derivative thereof; 

and 

(e) preparation of the compound of formula (IA) from enantiopure precursors; 

and optionally converting the single enantiomeric species so obtained to a 
corresponding ester, salt, or other physiologically functional derivative thereof, 
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51. A process for the preparation of a compound of the formula (IA) according to 
claim 49 wherein said compound of formula (IA) is obtained as a single enantiomeric 
species by a method selected from those of the group consisting of: 

(a) resolution with an enantiopure acid; 

(b) formation of separable diastereomers by use of an enantiopure derivatizing 

agent; 

(c) chiral chromatography; 

(d) enzymatic resolution of a compound of formula (IA) or a derivative thereof; 

and 

(e) preparation of the compound of formula (IA) from enantiopure precursors; 

and optionally converting the single enantiomeric species so obtained to a 
corresponding ester, salt, or other physiologically functional derivative thereof . 

52 A process according to claim 49 wherein R 6 is a C1 -C6 alkyl group. 

53.A process according to claim 52wherein R6 is a C2-C6 alkyl group containing 
ethylenic unsaturation. 

^•A process according to claim 53 wherein R 6 is altyl. 

55. A process according to claim 49wherein Ar comprises a monovalent radical of 
a 5-member ring selected from the group consisting of thiophene rings, thiazole 
rings, furan rings, pyrrole rings, and imidazole rings. 

56. A process according to claim 49 wherein Ar is phenyl. 
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57 A process according to claim 56 wherein R 1 is hydrogen, and Y is N,N-dialkyl 
carboxamide wherein each of the dialkyl substituents is independently selected 
from Ci -C6 alkyl. 

58A process according to claim49 for producing a compound selected from the 
group consisting of: 

8 ^^CH, J N CH 3 » N CH 3 

CHjjCHsCHj CH 2 CH=CH 2 CHjCI^CHj 

; ' 

CH/^lsT CH 3 ^N^CH 3 
CH2-C=CH 2 CH 3 
CH 3 





CT 

CH2'CH=CH2 



and 
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.N^CH 3 
CH 2 CHsCHa. 



59. A process according to ciaim49for producing a compound selected from 
those of the group consisting of: 

(±)-3-((aR*K-((2S\5^ 
fonyl)benzyl)phenol; 

W-N-(4-((aR*)-a-((2S*,5R>4-Allyl-2,5-dimethyl-1- 

( } piperazinyl] t-3-hydroxybenzyl)benzoyl)glycylglyc.ne; 

(±)-4-((aR>a-((2R*.5S*)-2,5-Dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N.N-diethylbenzamide; 

cis-4-(a-(4-((Z)-2-Butenyl)-3,5-dimethyl-1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide; 

N,N-Diethyl^3-hyd^ 

N,N-Diethy|.4-(3-hydroxy.(aR)^-((2S,5S)-2 1 4 1 54rimethyM-pipera Z in- 
yl)benzyl)benzamide; 

N,N-DiethyM-(3-hydroxy-(^^ 
yl)benzyl)benzamide; 

3- ((aRM-(1-PyroW^ 

azinyl)benzyl)phenol; 

NW4-((aS)-3-h y droxy-a-((2S3S)-2.4.5-trimethyM-piperaziny^ 
methylbenzamide; 

4- (a-(frans-2^ 

diethylbenzenesulfonamide; 

(±)-3-((aR>a-((2^^^ 
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(±)-4-((aR>a-((2^5R>4-^ 
benzyl)benzamide; 

( + )-4-((aR*)-a-((2S-,5R>4-Allyl-2.5-dimethyl-1-piperazinyl)-3-hydroxybenzyl)-N- 
ethyl-N-(2-hydroxyethyl)benzamide; 

( + ).5-((aR-)-a-((2S%5Rn-4-Allyl-2 > WimethyM-piperazinyl)-3-hydroxyben 2 yl)-3- 
bromo-N,N-diethyl-2-thiophenecarboxamide; 

( ± )-3-((R*)-((2S\5R*M-Allyl-2,5^imethyl-1-pif>erazinyl)(2-thienyl)m 

( + )-3-((aS)-a-((2S,5R)-4-Allyl-2,5-dimethyl-l-piperazinyl)benzyl)phenol; 

3-((aR>aK(2S\5R*H-Allyl-2 I 5-dimethyl-1-piperazinyl).3-hydroxyl)Gnzyl)-N,N- 
diethylbenzamide; 

3-((R)-((2S,5R)-4-Allyl-2 l 5-dimethyl-1-piperazinyl)(2-thienyl)methyl)phenol; 

3-((aRHK(2S,5R)-4-Allyl-2.5<limethyM-piperazinyl)-3.hyd ro 
diethylbenzamide; 

(±)-3-((R>((2S%5R*M-A^ 

(±)-4-((aR*)-a.((2S*,5R*)-4-(Cyanomethyl)-2,5-dimethy|.1-piperazinyl)-3- 
hydroxybenzyl)-N,N-diethylbenzamide; 

(+).3-((R # )-((2S*,5R*)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3- 
pyridinylmethyl)phenol; 

(±)-4-((aR>a-((2S%5R*)-4^ 

N,N-diethylbenzenesulfonamide; 

(±)-3-((R*)-((2R*,5S*)-4-Allyl-2,5-dimethyl-1-piperazinyl)(2- 
thiazolyl)methyl)phenol; 

(±)-3-((aR^-((2S\5R;H-AI!yl-2.5^imethyM-piperaa 
methyl-N-propylbenzamide; 

(±)-3-((oR-)KX-((2S\5R^^AIIyl-2,5KJimethyl-1-piperaziny^ 
ethyl-N-methy Ibenzamide ; 

(±)-3-(taR*)Kx-((2S\5R*)^-Allyl-2>dimethyl-1-piperazinyl)-3-hyd 
N,N-dimethylbenzamide; 
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(±)-3-((aR>a-((2S%5R>4-^ 

ethylbenzamide; 

(±)-3-((aR>a-((2S^5R>4-Allyl-2,5^imethyM-piperazinyl)-3-hydroxybe^zy.)-N. 
cyclopropyl-N-methylbenzamide ; and 

(±) . 3 .((aR>4-(1-rVroli^^ 
piperazinyl)benzyl)phenol. 

so. A process according to CaimBifor producing 3-((R)-((2S,5R)-4-ali y l-2.5- 
dimeth y l-1-piperazinyl)(2-thienyl)methyl)phenol. 

61 A process according to claim49for producing 3-((aR*)-a-((2S*,5R*)-4- a M- 
2,5.dimethyM-piperazinyl)-3-hydro X ybenzyl)-N,N-dieth y ibenzam.de. 

62 A process according to claimsifor producing 3-«aR)-a-((2S,5RH-ali y l-2.5- 
dimethyM-piperazinyl)-3-hydroxybenzyl)-N.N-diethylbenzarn.de. 

ea A method of producing a pharmaceutical formulation comprising mixing a 
impound of folia (.A) according to claim 4e*th a pharmaceufcaily 
acceptable carrier therefor. 
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